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I. 12TRODUCTION

Volt-ne I of this report carries a full description of the complete

program but om;ts mathematical details of the model developec to

predict- the nitric oxide (N4Ov' emissions from aircraft gas turbine

cobustors and also the details of two computer programs developed

as part of the study for obtaining predictions from the model. it

is the purpose of Volumes 2 and 3 of the report to present fuli de-

scriptions of both the model and the co-mputer prcrams.

it is convenient to consider the model in two parts, one part

baing concerned with the NOx formation process and the other with

modeling the fic.' behavior within gas turbine combustors. The con-

venience a.-ises not only due to the basic differ-ncti in the studies

of ,these two parts, but also due to the fact that a separate computer

program has been developed for each Part. This approach has been

adopted in the interests of economy of computntion as calculation

of the necessary data for the determination of the NOx formation

process requires appreciable cormuter time, but, of course, the data

once colleci.ed czn be applied to any combustor calculation with the

same reference conditions (in this case, combustor ;nlet conditions)

of pressure and temperature. The computer program developed for this

task has the name NOXRAT, and its function is to compute the rate

terms of the NOx formation process and all relevanz thermodynamic data

for a series of fuel-to-air ratios with a coqr-on reference state.

Volume 2 of this report is solely concerned with the nitric oxide

form-ation p;-ocess. It presents a mathematical description of the

process, a full description of the program NOXRMAT, and also includes

a section which is essentially a user's manual for the program. Volume

3 produces the same details For the flo•: nodel developed to describe

the r|z conditions in a gas turbine combustor. The corresponding

cov:puter prograr is named GASNOX and it is so arrar.ged that the rate

terms and all relevant thermodynamic data comniuted in NOXRAT are punched

onto a deck of computer cards which serves as input data to the main

program GASNOX.
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The objective of this volune of the report, therefore, is topresent the theory behind the NOx formation process and details of

the computer program developed for its application.

- -.



2. THE NOx FORMATiON PROCESS
While engine exhaust emissions are often expressed as nitrogen

oxides (NOx), or'as nitrogen dioxide (NO2 ),. the pollutant present in the

exhaust gas as it leaves the engine is almost completely nitric oxide,

NO, with only a few per cent of NO2 (Ref I). The conversion to NOx orINO2 is made because inanZ of thejtechniques used to measure nitric oxide

require first that it be oxidized to nitrogen dioxide. Thus, inside

the engine, the important oxide of nitrogen to consider is nitric

oxide, 'NO.

Several authors have proposed reaction schemes for nitric oxide

formation, e.g., Caretto, Sawyer, ahd Starkman (Ref 1), Bartok, et a]

(Ref 2)', Newhail (Ref 3), Lavoie, Heywood, and Keck (Ref 4). The set

of reactions proposed by Lavoie, et a] (Ref 4) is the most complete

for predicting nitric oxide form6ation, and it has been evaluated

expdrimentally for a range of equivalence ratios (0.9-1.2), pressures

(10-30 atm), and temperatures (2200-2800 deg K) in a spark-ignition

engine (Refs 4 and 5). These conditions are directly comparable to

those occurring in the gas turbine combustor primary zone as sholM by

Heywood et a] (Ref E). and the reaction scheme does predict NO emission
levels which-.are in good agreement with measurements made on such

combustion systems.

The. set of reactions included in the analyses of References 4, 5,

and 6 are incorporated in the model and-areshown below.

N+NO --- 0(1)
-2

2
N -OH NO+H (3)

.H+N2 0 ± N2+OH (4)

2 22O+N 20 N 2 +02 (5)

O+N 0 NO+NO (6)2
Note that the reaction 2NO N t2 +02 has been.omitted from this scheme

as it is very slow and does not proceed directly. In References 4

through 6 the rate constants selected for these reactions were taken

from Schofield (Ref 7) except for reaction 3 which was taken from



tiCampbell and Thrush (Ref 8). These constants are,
W• k, = 2 x 10-1

k2 = 2 x l0-1 exp (-7.l/RT)

k= 7 x0-1l

k4 5 x 0 exp(-I0.8/RT)

k= 6 x iO1 exp(-2 4 .0/RT)
5 -

k = 8 x lo0 exp(-24.0/RT)•6
and are in cmq/sec-molecule. R is in kcal/gm-mole-deg K. Since the'

equilibrium constants for these reactions are known, the kinetic scheme

is thus completely defined.

Recently compieted analyses ot data and coirelations available in

the latest literature have raised some quistion as to the reliability

of the above constants. A group at Leeds University (Ref 9) reports

k better correlated in the form Aexp(-E/RT) while both Leeds and

Newhall (Ref 3) show reaction 2 to be correlated more satisfactorily

in the form AT exp(-E/RT). Newhall also correlated reaction 6 with

a pre-exponential factor 3.6 times greater, and an activation energy

1.16 times greater, than the corresponding values determined by

Schofield.

With this lack of agreement of the rate constants, it was decided

to represent all six reactions in the reaction schzme in the ge,-ecal

form,

k. = A.Tn exp(-E./RT) (7)I II I

This format allows maximum flexibility in comparing the different fitsI_ of the kinetic rate data for each of the expressions. Further, as new

data and correlations become available, it will be a simple m3tter to

adjust the three constants to correspond accordingly to those correlations

and data.

Not all of the above reactions are equally important over the

equivalence ratio and temperature range of interest. The first two

reactions, the Zeldovich chain mechanism, are the two most important

reactions at high temperitures (g-eater than 2200 deg K) in fuel-lean

mixtures. The importance of this pjir of reactions Ts well established.

The third reaction becomes important in fuel-r;ch mixtures. Reactions



4, 5, and 6 involving N2 0 as an irtermediary become important at tem-

peratures about 2000 deg K. It can be shown that the small amount

of NO2 present is in equilibrium with the NO and other reactions with

NO2 need not be included (Ref 5).

Conditions in gas turbine combustors fall into ail of these

regimes, but calculations indicate that.the reactions 4,

5, and 6 do .tot contribute greatly to the nitric oxide formation rate.

in fact, if one accepts the probable limits of accuracy for any such

kinetic scheme, a case may be made for their ciclusion. However, these

reactions are included in the reaction scheme fo- the sake oF
completeness.

In order to apply this reaction scheme to gaF turbine combustors,

it is necessary to be able to predict the concentr" ion levels of all

species active in the set of six reactions specifiee above at all thermo-

dynamic states typ'cal of the combustor. At the pressure and temperature

leve~s that exist in such combustors during high thrust, low altitude

operation, the hydrocarbon oxidation reactions go rapidly to completion

compared with the nitric oxiJe formation processes. In order to predict

these specie concentrations therefore, the following assumptions are made:
a. Combustion is mixing controlled and not rage-limited,Iiand therefore, in the cobsoN., 02,v 0, OH, H, and H2

concentrations are the equilibrium concentrations corresponding

to the coribustor inlet temperature and pressure, and to the

equivalence ratio. This assumption limits the usefulness of

the model to high pressure, high tempcrature operating conditions,

but it is precisely these conditions at which most nitric oxide

is produced 4nd are therefore of most interest to this study.

b. N and N 20 concentrations are given by the steady-state assumption;

That these conc-entrations are not in equilibrium but are in

steady-state with NO can be shown by deriving rate equations

for X and N20 which have relaxation times short compared with

the NO rate equation.

If these assumptions are applied to Equations I through 7. then

the change, • in total nitric oxide per unit time per unit volume,



that results from chem cal reaction over a fixed element can be written

as -A (8)
NO

where MN0 is the molecular weight of NO, d,=LN03hO3 is the local

nitric oxide concentration divided by the equilibrium nitric oxide

concentration, R is the "one-way" equilibrium rate of reaction 1,

i.e., R1 = k1 ENe ENO9e; K1 = R /(0 +R ) with R2 and R defined

analogously to R but for reactions 2 and 3; and R6  k6 CO~eLN2 OJe

and K2 = R6/(R 4 +RR5 ).
It is interesting to consider the form of the equation above when

applied to the gas turbine combustor. In this case the thermodynamic

base state is represented by the combustor inlet pressure and tempera-

ture,.both of which are nonvariable with time for a •'ixed operating

condition. If the fuel-to-air ratio is specified, therefore, the terms

Rip R K1 and K all become constants as a consequence of assumptions

a and b above. The molecular weight MNO is a constant, hence the

only variable is O and the equation reduces to the simple form,

dNO/dt = f(NO)

which may readily be integrated to follow the nitric oxide concen-

tration levels through the combustor.

Maximum utility has been made of this simplicity, chiefly in the

interests of reducing the computer operating costs for each sample

case tested in the flow model. The computational procedure, as

previously explained in the introduction, was separated into two

tasks; the first task primarily determines the rate terms RP, R6 ,

K1, and K2 for a specified corirbustor inlet temperature and pressure over

the complete range of fuel-to-air ratios that cause sufficiently high

temperatures to form nitric oxide and the second task computes the
flow conditions throughout tne combustor and uses the data collected

from task one to predict nitric oxide emission levels.

A computer program has been developed for each task and the

program for Task I will be described in the next section.

II
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3. PROGRAM NOXRAT

3. 1 INTR3Dt;.6-IONI

3.1.1 Proqram Function and Capabilities

Program NOXRAT is a modif;ed version of CEC, a NASA developed

digital comlputer program written in Fortran IV (Refs 10, 11 and 12).

NOXRAT is designed to evaluate the chemical equilibrium products, the

adiabatic flame temperature, and the kinetic properties used in the

nitric oxide formation model (previously described) for the combustion ca

a reactive fuel, or a fuel mixture with an oxidant or mixture of oxidants.

NOXRAT iteratively calculates the equilibrium properties of the .- Mbustion

products based on a minimized Gibbs free energy. In a typical equilibrium

computation NOXRAT prints the following properties for each assigned fuel-

to-air ratio:

a. The equilibrium temperature and pressure; the sonic velocity,

the enthalpy, entropy, mean molecular weight, ( V P)Ts

the heat capacity, and the heat capacity ratio (C/Cv), of

the combustion stream.

b. The mole fraction of each of the combustion products present
-6*at equilibrium at concentrations greater than 5 x 10-

c. The chemical formula, weight fraction in the total fuel or

oxidant, and the base enthalpy, temperature, density, and

physical state of each of the specified reactants.

d-" The total oxidant to total fuel weight ratio, the per cent
fuel, the equivalence ratio, and the average density of the

reaction mixture.

e* The equilibrium mole fraction of each of the species of

interest in the nLtric oxide kinetic scheme (Ref 18)

and the equilibrium mole fractions of C(S), CO, and CO2 .

f. The molecular weight and tte adiabatic flame temperature of

the combustion products; the assigned inlet pressure; the

Normal outpyt of CEC.



fuel-to-air ratio; and the atomic composition, inlet tem-

perature, and enthalpy of both the fuel(s) and the oxidant(s).

For each assigned pressure the program also prints and punches:

a. The atomic composition of the fuel (CxHy); the inlet air

temperature; a code number identifying the set of kinetic

constants used in the NO ratu formation calculations;

the assigned pressure; and the stoic.Sometric equivalence

ratio.

1). For each specified fuel-to-air ratio: the mixture ratio

(mass of fuel to mass of fuel and air); the equivalence

ratio; the density and adiabatic flame temperature of the

combustion products; the equilibv:ium concentration of NO,

CO, C(s), and CH2 (unburned fuel); and the kinetic parameters*

RI, R6 , K1 , and K2 where RI and R6 are forward reaction rates

for reactions I and 6 and K, and K2 are ratios of forward

reaction rates used in the kinetic scheme (see Append:x V).

NOXRAT also permits calculation of:

a. Chemical equilibrium for assigned temperatures and pressures.

b. Theoretical rocket performances for both frozen and equi-

_ librium compositions during expansion.

c. Chapman-Jouguet detonation properties.

The latter two options were not exercised in this study.

3.1.2 Analysis Procedures

The analytical procedures on which NOXRAT is based are described

in Section 2. A detailed description of the changes that have been

incorporated into these procedures to permit calculation of the reac-

tion rate constants and the thermal properties used in the chemical

These parameters are used to compute the rate of change of the NO
mass fraction due to chemical reaction by:

I it4 'I[L , R&J

where HN0 is the molecul]r weight of NO, R is the gas density.
SýN01 is the mass fraction concentration of NO and ao. is the
ratio of NO concentration to the N0 concentration at equilibrium.
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reaction scheme for the formation of nitric oxide are presented in

the appendices of this report. Reference to any of these procedures
is unnecessary for operation of the computer program.

3.1.3 Report Arrangement

The mair. body of the report begins with a section in which the

"input data necessary for the solution of any case are described in

detail; this includes instructions for preparing and supplying these

data to the program and a sample case in the appropriate format. The

next section contains a discussion of the various types of output data

which are obtained fran the program and also the output data from the

sample case. Following that is a section containing miscellaneous

information regarding the operation of the program with the CDC 6600

computing system. The next section is a description of the error mes-

sages pridted by the program.

SIThe first appendix consists of a general discussion of the over-

all logic structure of the program. The next appendix gives the Fortran

no•,enclature for the major new variables i.,corporated into the original

CEC program. The remaining appendices, excepZ the last two, provide

detailed description of the changes made to existing routines and of

the subrouines which have been developed and incorporated into the

program, one appendix for each routine. The appendix for each new

subroutine contains a presentation of the input and output variablas,

an internal Fortran nomenclature, a description of the step-by-step

calculation procedure, and a Fortran listing of the Subroutine. The

last two appendices are respectively a listing of the program in its

entirety and a listing of the THERMO data.

3.2 INPUT DATA

3.2.1 General Description

The input data to Program NOXRAT is nearly identical with

that of NASA's Program CEC. Although the input format for CEC

has been described in a preliminary guide (Ref 13) and detailed

in a N•JSA report (Ref 14), NREC his elected to present here
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a description of NGXItAT input (and output) data. This description

j is suitable to allow the reader to understand the mechanics of how

to operate the program. Much of this information is taken directly

0-•_ from Reference 13.

Program input data will be discussed under four categories.

Three of the categories are required and one is optional. The three

required categories and the code names by which they will be referred

are as follows:

a. Library of thermodynamic data for reaction products (THERMO
• data).

Sb. Data pertaining to reactants (REACTANTS cards).

Sc. Namelist data which includes the type o, problem, required

schedules, and options (tFAMELISTS Input).I d. The optional category of data are chemical formulas of

species which are singled out for special p-irposes (OMIT

and INSERT cards).

I THERMO Data

The thermodynamic data are in the form of 7 least squares coef-

ficients (ai) for the following equations:

Q=1o *,+caT ÷Q 3 "TZ -4 ctsT4

+ R 's4 -Tr'T (I)-

RT t7 (2)

C-47 (3)

I a (4)

For each species, two sets of coefficients are included for

two adjacent temperature intervals. The data provided cover the tem-

perature intervals 300 deg K to 1000 deg K and 1000 deg K to 5000

deg K.



The supplied data for each species were made by the PAC program

described in NASA TN D-4097 (Ref 15). For the gases, the PAC

program calculated the thermodynamic functions from the molecular

data given in JANAF (Ref 16). For the condensed species, the thermo-

dynamic functions were taken directly from JANAF. However, NASA added

the functions at the transition points since they were not included

in the JANAF data. The PAC program does a least squares fit of the

functions for the two specified temperature intervals. The fits are

constrained to give consistent data at transit;on points and at the

common interval temperature (1000 deg K).

Heats of formation and transition were also taken from JANAF.

They were combined with sensible heats to give assigned enthalpies

SHT°. By definition,
o + -s H H;2.)R. 5 T 2-"(5)

It has been arbitrarily assumed that298.15

5 then becomes 14 IS (6)

For-the JANAF reference elements, ° = 0. In general, H0T A

(&Hif)T for T f 298. 15°K.

REACTANTS Data

Reactants data consists of the following physical data for

each of the reaction species in the combustion stream.

a. Atomic symbols and formula numbers.

b. Relative weights or number of moles (for fuel in total fuels

or oxidant in total oxidants).

c. Enthalpy.

d. Physical state (solid, liq,.d, gas).

e. Temperature associated with enthalpy in item c above.

f. Density.
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NAMELISTS Data
NAt4ELiSTS data is specified on two input NAMELISTS; only the

first is necessary for generation of the chemical equilibrium and

kinetic rate data of interest. The second NAIELIST is associated

with the rocket performance option of NOXRAT described in the intro-

duction to this report. This latter option was not exercised in

this study but will be described in the following subsection. The

information required in the first NAMELIST is:

a. The type of problem.

b. One or more pressures.

c. One or more temperatures for assignce temperature problems

(e.g., rocket problems with an assigned chamber temperature).

d. The relative amount of fuel(s) and oxidant(s).

The information required in the second .JA4ELIST is:

a. The pressure ratio schedule.

b. The subsonic area ratio values (optional).

c. The supersonic area ratio values (optional).

d. Whether only frozen or equilibrium perforinance is to be

calculated (optional).

OMIT and INSERT Data

OMIT and INSERT cards are optional. They contain the names

of particular species in the library of thermodynamic data for the

specific purposes stated below.

OMIT Cards. These cards list species to be omitted from the

THERMO data.

INSERT Cards. These cards contain the names of condensed species

only.

3.2.2 Detailed Description of Input Data

The information required to prepare the input data for a case

is furnished in the table given below. This information contains a

description of each input item as well as a description of the form in
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which these items are written on input data sheets. The descriptions
ED of the input items refer frequently to several points, relevant to the

selection of input values, which are discussed in the subsequent sub-
section. The discussions of these points provide additional

detailed information useful in preparing the input data for any case.

The first input item read by Program NOXRAT is the code word

THERMO. The second input line contains the three temperature values

300, 1000, 5000. This input is followed by the thermodynamic data for

any number of species. The last line of the THERMO input contains the

code word END and follows the last set of species data (see point-a).

Input Type of Fortran
Line Location I tern Number Symbol Description

1 1-6 A Th;s is the code word
"THERMO" that identi-
fies the beginning
of the thermodynamic
data

2 1-10 FP TLOW Low temperature for
lowest temperature
interval of thermo-
dynamic data

2 11-20 FP TMID Common temperature
for the two tempera-
ture intervals of
the thermodynamic
data

2 21-30 FP THIGH High temperature
for highest temperature
interval of thermo-
dynamic data

3 1-12 A DATA Species name

3 19-24• A DATA Date

3 25-26 A DATA Atomic symbol

3 27-29 FP DATA Atomic formula number

3 30-31 A DATA Atomic symbol

3 32-34 FP DATA Atomic formula number

'7Z
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Irnu t Type of Fortran
Line Location Item Number S o',- O9scriipticn

3 35-36 A DATA Atm;ic symbol

3 37-39 FP DATA Atcnic for.wla number

3 40-41 A DATA Atomic symbol

3 42-44 FP DATA Alomic formula nunber

3 45 A DATA Species phase (S
solid; L -1,iquid;
G = gas)

.3 46-55 FP DATA Low temperature
of temperatu,-e
interval

3 56-65 FP DATA Hiigh temperature
of temperature
interval

3 80 Int NCD Intege,- I to
identifv card

4 -1-15 a FP DATA Coeff:cient in
equations 1-4
for upper tempera-

ture interval

4 16-30 a2 FP DATA Coefficient in
equations 1-4 for
upper temperature
interval

4 31-45 a FP DATA Coefficient in
3 equations 1-4 for

upper temperature
interval

4 46-60 a4  FP DATA Coeff;cierst in
equations 1-4
for upper tempera-
ture interval

4 61-75 a PP DATA Coefficient in
equations 1-4 for
upper temperature
interval
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Input Type of Fortran
Lin•e Location Item Number Symbol Description

4 80 mnt NCD Integer 2 to identify
I' card

1-15 a 6  FP DATA Coefficient ;n6 •equations 1-4 for

upper temperature
interval

5 16-30 a7 FP DATA Coefficient in
equations l-4 for
upper temperature
interval

5 31-1,5 a FP DATA Coefficient in
equations 1-4 for
lower temperature

interval

46-60 a 2  FP DATA Coefficient in

"equations 1-4 for
lower temperature
interval

5 61-75 a3  FP DATA Coefficient in
equations 1-4 for
lower temperature

9 
interval

5 3t NCD Integer 3 to identify
card

6 1-15 a4 FP DATA Coefficient in
equations 1-4 for
Slower temperature
interval

6 i6-30 a5 FP DATA Coefficient in

equations 1-4 for
lower temperature
interval

6 31-45 a6 FP rATA Coefficient in
equations 1-4 for
lower temperature
interval

NO
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Input Type of Fortran

Line Location item Number Symt.ol Description -

6 46-60 a, FP DATA Coefficient in
equat-ions 1-4 for

lower temperature
interval

6 80 tnt NCD Integer 4 to identify
card

Lines 3-6 are repeated for each species in the thermodynamic

data. The last line of the thermodynamic data,- desiqhated as line N

below, contains the wnrd END. This word is a signal to the computer

that it has reached the end of the thermcdyramic data.

N 1-3 A This is the code word
"ENID" that ;.dentifies
the end of the thermo-
dynamic data

The next set of input data read by Prograrh NOXRAT are reactanti

cards (see point bN These cards are required for all problems; they
contain specific Gia on the reactants tc be combusted. The first- item

in the set contains the code word REACTANTS; the last card in the-set ,

is blank. In between the first and last cards mray be any number of

cards up to a maximum. of 15, one for each re.actant species being con-

sidered. There is no limit to the number of sets of reactants to be

considered by the program; each must, however, be followed byappro-

priate data from input categories (3) and (4). The input for each

series or set of reactants begins with a new data line N+l and concludes

with data line M.
Inpu Type of Fortran

Line Location Item Number, Symbol Description

N+l 1-9 A This is thetcode word-
"REACTANTS" that identi-
fies the beginning of
reactants .data

N+2 1-2 A NAME Atomic symbol

N+2 3-9 FP ANULM Atomic formula- number

N+2 10-Il A NAME Atomic symbol
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!niput Type of Fortran
Line Location Item Number Symbol Descritption

N+2 13-18 FP, ANUI4 Atomic formula number

.N+2 1.9-20 A NAME Atomic symbol

N 1+2 21-2i7 FP ANUM Atomic formula number

N+2 28-29 A NAME Atomic symbol

1N+2 30-36. FP ANUl Atomic formula number

N+2 37-38 A NAME Atomic symbol

14N+2 39-45. FP ANU'M Atomic: formula number

N+2 46-52 FP PECWT Relative weight (or
; number of moles) of

fuel in totai 4uei
. or ox!.spnt in total

"oxidant-

iN+2 * 53 A MOLE Symbol to identify
S* if PECWT is relative

"weight or numiber of
moles
= blank if relative

- weights
= M if'number of moles

*N+2 54-62 FP ENTH Enthalpy in calories/gm
mole (see point c-)

N4+2 63 A FAZ State
= S forsolid
= L.for liquid
= G for gas

N+2 64-71 FP RTEMP Temperature in deg K
associated with
enthalpy in columns
"54-62

I U

N+2 7. 'A FOX Symbol to identify if
reactant is an oxidant
or a fuel
= F if fuel
: 0 if oxidant

4N+2 73-80 FP DENS Density in ,/'• ioptional)

A fuel (or oxidant) may be composed of more than one fuel (or oxidant).

- *
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Line N+2 is repeated for each reactant in the set up to a

maximum of 15 reactant species. The last line in this sequence (m)

is blank.

M 1-80 Blar" card

The next input items are read into Program NOXRAT using a

NAHELIST statement. Input data referring to a RAMELIST statement

begins with a $ in the second location on a new iine, immediately

followed by the 3AMELIST name, immediately followed by one or more

blank characters. Any combination of three types of data items may

then follow. The data items must be separated by commas. If more

than one line is needed for the input data, the last item on each line,

except the last line, must be a number followed by a comma. The first

location on each line should always be left blank since it is ignored.

The end of a group of data is signaled by a $ immediately after the

last item of data. The form that data items may take is:

a. Variable name = constant, where the variable name may be

an array element or a simple variable name. Subscripts

must be integer constants.

b. Array name = set of constants separated by commas where k*

constant may be used to represent k consecutive values of

a constant. The number of constants must be equal to the

number of elements in the array.

c. Subscripted variable = set of constants separated by comnas

where, again, kk constant may be used to represent k consecu-

tive values of a constant. This results in the set of constants

being placed in consecutive array elements, starting with

the element designated by the subscripted variable.

The first input HAMELIST is necessary for all of the options associated

with Program NOXRAT. The items in this NAMELIST, INPT2 are:

Fortran Input
Syml Item Description

KASE Optional assigned number associated with
the case
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Fortran impt
Symbol Item Description

SP Assigned pressures (maximum of 26)

Chamber pressure (one value) for
rocket problems. Values in atm
unless PSIA or MMHG are set TR:

(see below)

T T Assigned temperature in deg K
(max imum of 26) (see point d )

MIX Value of fuel-to-oxidant air weight
ratios if FA is set TRUE (maximum of 40).
For rocket problems (RKT is set TRUE)
there must be as many sets of RKTINP
NAMELIST inputs as there are MIX values

(see point e)

FP If variable is set TRUE, fuel-to-air
weight ratios given in MIX. Value
before read: FALSE

TP If variable is set TRUE, problem type
is assigned temperature and pressure

E Value before read: FALSE (see point f)

HP If variable is set TRUE, problem type
is assigned enthalpy and ;,ressure.
Value before read: FALSE (see pointg")

RKT Ic variable i' set TRUE, problem type
is rocket. Value before-read: FALSE
(see point h)

DETN If variable is set TRUE, problem type
is detonation. Value before read:
FALSE (see point i. )

PSIA P if set TRUE, pressure is in psia units

Values are converted to atm internally

Value before read: FALSE

IMMHG P If set TRUE, pressure is in rmnHg.
Values are converted to atm internally.
Value before read: FALSE

IONS If set TRUE, ionic species are con-

sidered in the combustion prod,'t-ýs.
Value before read: FALSE

_ _
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Fortran Input
Symbol Item

II IDEBUG if set TRUE, intermediate output
Ps printed. Value before read:
FALSE.

The second NAMELIST, RKTINP, is required only for rocket (RKT)

problems. It follows the INPT2 namelist. The items in this NAMELIST

are

PCP Ratio of chanber pressure to exit
pressure (maximum of 22 values). See point j.

EQL if set FALSE, program will not
calculate rocket performance assuming
equilibrium composition during expan-
sion. Value before read: TRUE.
This is an optional input. See point k.

FROZ If set FALSE, program will not cal-
culate rocket performance assuming
frozen composition during expansion.
Value before read: TRUE. This is an
optional irput. See point k.

SUBAR Subsonic area ratio. This is an
optional input. See point I.

SUPAR Supersonic area ratio. This is an
optional input. See point I.

The remaining input items to Program NOXRAT are optional. These

are OMIT and INSERT cards. Each card contains the word OMIT (in card

columns I through 4) or INSERT (in card columns I through 6) and the

names of from I to 4 species starting in columns 16, 31, 46, and 61.

The names must be exactly the same as they appear in the THERMO data.

See point m for further discussion of these input items.

3.2.3 Discussion of Input Data

Some important aspects to be considered in appropriately speci-

fying the input data are discussed below. Reference to these

discussions has been made in the preceding subsection in which the input

format was described. The points referred to are as follows:
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8. The library of thermodynamic data for reaction products may

be read either from cards or from tape. if the data are

read in from cards, the program will write tese data on

tape 4. During a computer run, the appropriate reaction

prodLct data for each new set of REACTANTS cards will be

selected from tape 4 and stored.

THERMO data may be read in from cards for each run.

However, a permanent tape or disc containing the data may

be made during any run by using the required type of control

cards preceding the operating deck. Two advantages of using

a permanent tape or disc are that the scratch tape will

not be made for each run and handling the cards is elimi-

nated.

b. The fuel specification card(s) must preceed the oxidant card(s)

in the input deck. Further, the oxygen must be the second specie

specified in the oxidant air atomic formula; the atomic formula
of the fuel must be specified in the order: carbon, hydrogen.

For gaseous mixtures (such as air) specify equivalent

formula numbers on an atomic basis-- e.g., air is 78.03

per cent N2 , 20.99 per cent 02) 0.98 per cent Ar. Air's

equivalent formula is then N .780300.2099 Ar .0049 where the*

sum of the relative weights is as close to 1.0 as possible.

c. This enthalpy is not required for assigned temperature

problems, i.e.,-TP.

d. If no T value is given the program uses the temperature and

enchalpies on the reactant cards. When T values are assigned

in the INPT2 NAMELIST, the program calculates the enthalpy

from the library of THERMO data if the f'lluwirg two condi-

tions are satisfied:

i. The reactant card has zeros punched in card columns 37

and 38.

ii. The reactant is a species in the library of THERMO data.

e. Relative amounts of fuel(s) and oxidizer(s). These quantities
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may be specified by assigning I and 40 values -or FA if no

value is assigned for any of these, the program assumes the

relative amounts of fuel(s) and oxidizer(s) to be those

specified on the reactants cards.

f. TP Problem. Thermodynamic properties will be calculated for

all combinations of assigned values for pressure P and tem-

Sperature T in the NAMELIST. Thus, if 26T values and 26P

values are included in the INPT2 lists, properties will be

calculated for 676 P and T combinations.

g. HP Problem. Combustion temperature and corresponding

properties will be calrilated for each pressure specified.

h. RKT Problem. One pressure value P is required for the

chamber pressure. The T schedule is used only if expansion

from an assigned chamber temperature is desired (such as

for a nuclear rocket). Otherwise it should be omitted.

The RKT problem. -equires a second namelist for input

(RKTINP) discussed in the previcus subsection.

i- DETN Problem. The t-mperaturp and pressures in the T and P

input refer to the unburned oas.

p The list of pressure ratios should not include values for

the chamber and the throat. Values should be in increasing

order.

k. The program will calculate both equilibriun and frozen

performance unless RKTINP contains FROZ = F or EQL = F.

If FROZ = F, only equilibrium performance will be calculated.

If EQL = F, only frozen performance will be calculated.

I.. The subsonic area ratio values (SUBAR) and/or the supersonic

area ratio values (SUPAR) are optional. When assigned area i

ratios are included, the PCP input should contain values

of pressure ratios whose corresponding area ratios will be

in the range of the assigned area ratios.

n.. If OMIT cards are not used, the program will consider as

possible species all those specie: in the THERMO data which

are consistent with the chemical system being considered.

F is the symbol for FALSE.
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Occasionally, it mzy be desired to specifically omit one

or more species from consideration as possible species.

This may be accomplished by means of OMIT cards.

INSERT cards have been included as options for two

reasons. The first and less important reason is that if

one knows that one or several particular condensed species

will be present among the final equilibrium compositions

for the first assigned point, tFen a small amount of computer

time can be saved by using an INSERT card. Those condensed

species whose chemical formulas are included on an INSERT

card will be considered by the program during the initial

iterations for the first assigned point. If the INSERT

card were not used, only gaseous species would be considered

during the initial iterations. However, after convergence,

the program would automatically insert the appropriate

condensed species and reconverge. Therefore, it usually

is in•material whether or not INSERT cards are used. For

all other ass;gned points the inclu-;on of condensed species

is handled automatically by the program.

The second and more important reason for including th.

INSERT card option is that, in rare instances, it is impos-

sible to obtain convergence for assigned enthalpy problems

(HP or RKT) without the use of an INSERT card. This occurs

when, by considering gases on)-,, the temperature becomes

extremely low (say several d~j K). In these rare cases,

the use of an INSERT card contai,;ing the name of the

required condersed species will eliminate this kind of

convergence difficulty. When this difficulty occurs, an

error message is generated. This message is described in

the subsection Description of Error Messages.

3.2.4 Description of Sample Case Input

A completed input data sheet is shown on page 29 for an assigned

enthalpy pressure problem (HP). In this table, lines I through 6 identify
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the start of the thermodynamic data and include, as examples, data for

solid phase aluwinum. Lines 10 through 13 identify that the reactant

components for this problem are kerosene (C1 H1 1923) and air

(N0 .780300. 2 0 9 9 Aro. 0 0 4 9 ). The kerosene (fuel) is supplied as liquid at

1 298.15 deg K with an enthalpy of -5430 cal/gm-mole. The air (oxidant)

i- gaseous at 35Z deg K withi an enthalpy of 195.0 cal/gm-mole. The

density of the kerosene is specified as 0.773 gm/cc while that of the

air is omitted. Lines 15 through 18 are the NAIELISTS $INPT2 input.

Here the case is given the code number 1, HP is identified as the
problem type, the combustor pressure is set at 1.80 atm, and the MIX

matrix is assigned 35 fuel-to-air ratios for test.

-173 OUTPUT DATA
S! The output of Program NOXRAT consists of both printed and punched

data. The data falls into two main categories: normal output and

error messages. The normal output consists of the printed and punched

Sresults usually obtained with each run of the program. If any difficul-
ties are encountered in the solution of a cese, one or more error mes-

sages are printed. These messages are diagnostic statements which describe
the nature of the difficulty. They are described in greater detail in
subsection 3.3.2.

3.3.1 Normal Output

I The normal output from NOXRAT falls into two main categories:

printed output for each fuel-to-air ratio for each assigned condition
(e.g., pressure); and printed and punched output for each assigned

pressure. The normal output from the first category is:

a. The chemical formula of each reactant specie.

b. The weight fraction of each reactant specie in the total

iuel or oxidant.

C. The base enthalpy of each reactant in cal/gm-mole.
d. The input temperature of each reactant in deg-K.

Also normal output of CEC.
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e. The density of each reactant (if specified in the input)

in gm/cc.

f. The physical state of each of the specified reactants.

g. The total oxidant to fuel weights ratio.

h. The per cent fuel in the reactant mixture.

i. The equivalence ratio of the reactants.

j. The weight average density of the reaction mixture in

gmi/cc (printed as zero if the density of any 3pecie is

omitted from the input).

k. The equilibrium pressure in atm.

1. The equilibrium temperature in deg K.

m. The sonic velocity of the combustion production mixture

in meters/sec.
n. The mean enthalpy of the c*bustion products in cal/gram.

0. The mean entropy of the combustion products in cal/gram-deg K.

P. The mean molecular weight of the combustion products in grams.

q. The differential (•V/AP) in cc/axm.
T

r. The differential (•V/:T) in cc/leg K.

S. The mean heat capacity of the combustion products in cal/gram-

deg K.

t. The mean heat capacity ratio (Cp/Cv) of the combustion products.

u. The mole fraction and chemical formula of each of the combustion

products present at equilibrium at a concentration greater

than 5 x 106.

v. The mole fraction of each of the species of interest in the

nitric oxide kinetic scheme (Refs 4 through 6) and the mole

fractions of C(s)' CO, CO

w. The mean molecular we.ght of the combustion products in grams.

x. The adiabatic flame temperature of the combustion products in

deg K.

y. The assigned inlet pressure in atm.

z. The fuel-to-air weight ratio of the reactants.

zl. The atomic: composition, inlet temperature (in deg K) and

enthalpy (cal/gm-mole) of both the fuel(s) and the oxidant(s).

Also normal output of CEC.

7• ------ a = =a ••• m m~ m• • • • m m•



With the exception of the descriptive characteristics of the

fuel(s) and oxidant(s) (output #Zl ), the output from this category

is clearly labeled and requires no further discussion.

The fuel and oxidant are described by seven characteristic

numbers, the first five of which give the atomic conposition while

the sixth and seventh are the enthalpy in cal/gm-mole at the inlet

temperature in deg K. These two lines of output appear directly

below the fuel-to-air ratio with the first line always referring

to the fuel and the second to the oxidant. Since the fuel used in

this analysis has been assumed to be of the form CxI4y, the first two

figures printed describing the fuel are "x" and "Y" while the third,

fourth, and fifth figures are printed as zero. in this analysis, the

oxidant has been taken to be air compr;sed of nitrogen, oxygen, and

argon with the equivalent chemical formula NAOBArC. Hence, the first

three numerals printed describing the oxidant are"A", "B", and "C"

respectively. The fourth and fifth figures are printed as zero; inclu-

sion of other trace components in the air will change these latter

digits accordingly. Further description of this output is included

in Appendix IV. The output for the sample data case corresponding to

this category of the output is shown on pages 30 and 31.

The normal output for thc second category is:

a. The atomic composition of the fuel (C Hy).
x y

b. The inlet air temperature in deq ...

c. A code r-umber identifying the set of kinetic constants

used in the NO rate formation calculations (see Appendix V).

d. The assigned pressure in atm.

e. The stoichiometric fuel-to-air ratio.

f. For each fuel-to-air ratio specified. the program prints

and punches two lines of output containing twelve items

of data. This data is (consecutively): the mixture

ratio (mass fuel to mass fuel and air); the equivalence

ratio; the density of the combustion products in gm/cm3;
the adiabatic flame temperature of the combustion prod-

ucts in deg K; the equilibrium mole fraction of NO, CO,
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C(s), and CH2 (unburned hydrocarbons). and the kinetic pa-
rameters RV, R6 (n gm-moles/cm3 sec), K, and K (dimension-

KR 6  -2c, 1

less). The output for the sample data case corresponding to

this category of the output is shown on page 32.

Program NOXRAT prints intermediate output for each input set

of REACTANT cards and for each fuel-to-air ratio. The former consists

of a listing of the input data for the case and a listing of the specie4

being considered as products of the combustion process. The latter

data is the result of intermediate calculations within NOXRAT and is

not described here. It is generally not of any interest to the user;

however, the output for one fuel-to-air ratio for the sample data case

is shown on page 33.

3.3.2 Description of Error Messages

The known error messages in Program NOXRAT-* are:

a. In rare instances, it is impossible to obtain convergence

for assigned enthalpy problems (HP or RKT) without the use

of an INSERT card. This occurs when, by censidering gases

only, the temperature becomes extremely low (say several

PE deg K). In these rare cases, the use of an INSERT card

containing the name 3f the required condensed species will

eliminate this kind of convergence difficulty. When this

difficulty occurs, the following message is printed by the

program: "LOW TEMPERATURE IMPLIES CONDENSED SPECIES SHOULD

HAVE BEEN INCLUDED ON AN INSERT CARD".

b- If the user mixes the order of the cards for a particular

species in the thermodynamic data file, the program, will

print: "ERROR IN ORDER OF DATA CARDS FOR -------- specie name)".

This is a nonfatal error and tho program will continue to

execute, however, the specie in error will be deleted from

the thermodynamic inventory.

c. If there are cards in the input data deck that do not belong,

the program will write the card and: "ERROR IN ABOVE CARD;

IGNORE CONTENTS". This is a nonfatal error to the prsogram,

but causes it to skip to the next data set.

These are as those for CEC.
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d. If there are errors in the REACTANTS data cxrds the program

will write: "ERROR IN REACTANT CARDS". This is a nonfatal

error to the program but causes it to skip to the next

data set.

e. If the convergence tests are not satisfied for the equili-

brium products the program will print: "ITERATIONS DID

NOT SATISFY CONVERGENCE REQUIREMENTS FOR THE POINT "_

f. if the temperature calculated for the combustion is out of

the range of the thermodynamic data the program will print:

+ I "THE TEMPERATURE = IS OUT OF RANGE FOR POINT

g. If the phases of a condensed specie are out of order, the

program will print: "PHASES OF A CONDENSED SPECIE ARE OUT

OF ORDER".

3.4 MISCELLANEOUS OPERATIONAL INFORMATION

Program NOXRAT occupies approximately 71,000 core locatiuns

* during loading and approximately 63,000 core locations during
execution on the CDC 6600 computer. Actual program length is

aoproximately 38,000 core locations. Hence, the total storage

requirement for this program is comfortably within the CDC 6600

core capacity of 131,000 locations.

The execution time of Program NOXRAT depends primarily upon the

number of assigned pressure levels and upon the number of fuel-to-air

ratios at each of the pressure levels to be tested. A typical operating

condition of one assigned pressure and 35 fuel-to-air ratios requires

approximately 66 systems seconds (central processor time is approximately

52 secs) for execution. Each succe:ding point at any given pressure

and any selected fuel-to-air ratio will require approximately one

second of over-all machine time.

A "scratch" tape is required by the program. This scratch tape

number is not assigned a Fortran name but is given the value of 4 by

the program. The instructions necessary for mounting this tape must

be supplied to the computer/computer operator upon submission of a run.
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3.5 DATA INPUT SHEET

NOx from Gas
ENGINEER, RDS PROJECT, Turbine Combustors PROJECT NOs 1162

TITLE' Sample to Illustrate the Use of Program NOXRAT SHEETP i OF I

LOCATION

Line I T.E M._.. I.
Line 2 300 000 1000.0,00 50. 0.000,

Line 3 A (S)__1__ _ M 00 O OS. 300.00, 9 3  • 3000

Line 4 011j0. 0.0 0. 1 2

Line 5 [. 0.,.. 0. 22258601E.'-01 0.255616ME2 0.25 2E -06 3

Line 7

Line 9 • - • ..- L__

Line 10 REACTA.,XS I •

Line 11 C. . H 1 ,,231.0L F 773

Line 12 N.780,3 0 099 .*0 019 0 G ,.0 0

Line 13 . .... {.. .. .. . . . ... _

Line 14 "ýAELIýTS

Line 15 SINPT2 KAS =k HP-T P=l .80.FA .MiXl .0 06795,..01699f.0271.8,.033 98,

Line 16 ! .0373,7,.040 77,.04,4 17,.0 457,.,050 6,.05436,,.057 6,. 06116,.06455,.Q06795,. 7135,

Line 17 .07476S.07814,.0§154..0 8491i,.,0883¼ .091731..09513..09&53..j919..10,87..1 U89,

Line 18 .-1291.-1393.,.1495,,.1597 .1699-,._1801 .19B,.20051$

~1 --- _ _:
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TABLE I

KINETIC DATA FOR THE NITRIC OXIDE REACTION SCHEME

Reaction No. . Ai(ci 3/sec 9n-mole deg K) Ei(kcal/gm-mole)

1 1.2046 x 1013  0.0 O.J

2 1.20146 x 1013 0.0 7.1
ICODE 1 3 4.2161 x 1013 0.0 0.0

(from Refs 4 3.0115 x 1013 0.0 10.8

4, 5) 5 3.6138 x 1013 0.0 24.0

6 4.8184 x IO03 0.0 24.0

1 3.1 x 1013 0.0 0.334

2 6.4 x 109 ;.0 6.25

3CODE = 2 4.1 x 101 0.0 0.0

(from Refs 4 2.9513 x 1013 0.0 10.77

9.17) 5 3.8146 x 1013 0.0 24.1

6 4.5775 x 1013 0.0 24.1

1 3.0717 x 1013 0.0 0.33

2 1.3251 x 1010 1.0 7.1
ICODE = 3 3 4.2161 x 101 3  0.0 0.0

(from Ref 4 2.9513 x i0 1 3  0.0 10.77

ii I18) 135 3.8146 x 10 0.0 24.1

6 4.5775 x 1013 0.0 24.1

1 1.0239 x 1013 0.0 0.0

2 3.7945 x I012 0.0 7.0
i 3 4. 1559 x 1013 0.0 0.0

(from Ref 4 2.9513 x 101 0.0 10.77

18) 5 3.8,46 x 10 13  0.0 24.1

6 4.5775 x 10|3 0.0 24.1

where

k AiTni exp(-Ei/RT)

T = Temperature in deg K

R 1.987 x 10- 3 kcai/g,-male deg K
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TABLE 2 - PROGRAM OR SUBPROGRAM FUNCTION

Program or
Subprogram Description

NVI NOXRAT Main program to calculate chemical equilibrium
compositions with applications; the main program
controls the calcula ion and directs the input
and output

REACT Subroutine to read and convert reaction input
data

SEARCH Subroutine to search tape for thermodynamic data
for species to be considered

EQULBRM Subroutine to calculate equilibrium composition
and properties

CPHS Subroutine to calculate thermodynamic properties
for individual species

MATRIX Subroutine to perform matrix inversion

MGAUSD Subroutine to solve any linear set of up to 20
equations

VARFMT Subroutine to set variable formats

OUTi Subroutine to write output

SOUTI2 Subroutine to write output

OT32 Subroutine to write outputOUT3 Sbotn owieotu

HCALC Subroutine to calculate enthalpy for propellant
using coefficients

MOLIER Subroutine to calculate thermodynamic equilibrium
properties at assigned temperatures and pressures

SCMBSTN Subroutine to calculate theoretical thermodynamic

combustion properties

DETON Subroutine to calculate Chapman-Jouguet detonations

SHCK Subroutine to terminate prograai if a shock occurs

ROCKET Subroutine to calculate rocket performance
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- TABLE 2 - PROGRAM OR SUBPROGRAM FUNCTION (CONTINUED)

Program or
Subprogram Description

RKTOUT Subroutine to write output for rocket performance

RATIO Subroutine to interpolate area ratio

SET Subroutine to interpolate area ratio

FROZEN Subroutine to calculate frozen composition expansion

only

RATES Subroutine to calculate rate constants for the NO

reaction scheme
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7. NONENCLATURE

Symbol Description Units

C Specific heat at cal/gm-deg K
constant pressure

Cv Specific heat at cal/gm-deg K
constdnt volume

P Pressure atm

T Ter.erature deg K

V V .• cc

ii

'I

I

• iiIl
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8. APPENDICES

IV
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i APPENDIX I - OVER-ALL PROGRAM LOGIC

The over-all computer flow of NOXRAT is identical to that of

CEC excepting the additional CALL to Subroutine RATES by Subroutise

OUT3. The other modifications to OUT3 and to the main program (NOXRAT)

do not affect the over-all program logic. A complete description of the

program logic is available in References 11, 13, 14, and 15.. A modular

diagram of NOYRAT is provided as Figure I (Ref 13). Table2 cootains a
brief statement as to the role of each routine in the program.

ItIi

§§ 1
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APPENDIX. II - COMMON FORTRAN NOMENCLATURE

The following :tables contain the COMMON Fortran nomenclature for

Progranm NOXRAT that was added to that of Program CEC. COMMON consists

of labeled blocks; the nomenclature is arranged in alphabetical order

for each block. The metric system of units is included in the nomen-

clature. i

Nomenclature. for COMMON/SNEW

: Fortran I

Symbol Symbol: Description Units

INDFA Index of equivalence ratios

'RON F/A Fuel-to-air mass ratio

j Nomenclature for 6OMMONIDICK

Fortran Unt
._____ ______ Description Units

ArTTj,T) :. jth value of the adiabatic flame tem-
J perature .(in the combustor) at a

particular fuel-to-air mass ratioi, deg K

BCONI,(J, I) ye Equilibrium mole fraction of carbon
S(s)j at the jth pressure level at a

particular fuel-to-air mass ratioi

BCON2 (J,i). yCO. Equilibrium mole fraction of carbon
ornoxide at the jth pressure level at

a particul'ar fuel-to-air mass ratio i

I BCON6(J,;) N Equilibrium mole fraction of nitric
j : j *oxide at the jth pressure level at a

particular fuel-to-air mass ratio'i
-CH2(J.I) y, Equilibrium mole fraction of unburned

2 . hydrocarbons in the combustion products

(excluding C(s, and, CO) expressed~as CH2
, at the jth pressure, level at a particular

fuel-to-air mass ratio i

II

I I
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Fortran

Symbol ______ Description Units

EKIWJ,I) (K1). Ratio of forward reaction rate
at the ith pressure level
for a particular fuel-to-air mass
ratio i

EKZ(J,i) (K). Ratio of forward reaction rate
at the jth pressure level
for a particular fuel-to-air mass
ratio i

F(I) F Mixture ratio

MIX(i) Matrix of specified fuel-to-air mass
ratios

P1if(l) Equivalence ratio

ROH(J,I) . Equilibrium density at the jthj~ pressure level at a particular
fuel-to-air mass ratio i gm/cm3

RI(Ji) (R1). Forward reaction rate for the first
reaction at the jth pressure level
at a particular fuel-to-air mass ratio i gm-mole/cm3-sec

R6(Ji) (R6 )j Forward reaction rate for the sixth

reaction at the jth pressure level
at a particular fuel-to-air mass ratio i gm-mole/cm3-sec
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APPENDIX III - MAIN ROUTINE - NWXIAT

The changes to the main routine of CEC are as follows:

a. The main program was renamed NOXRAT, thus replacing the

rEC name "MAIN".

b. The subscripted variable MIX was expanded from 15 to 50.

MIX is the matrix of specified fuel-to-air ratios.

C. Labeled COMMON blocks SNEW, DICK, and EQNEW were added.

Definitions of the variables contained in these blocks

are povided in Appendix II.

d. The statement DO 303 1 = 1, 15 was modified to DO 303

1 = 1, 50. This is consistent with the expansion of the

MIX matrix from 15 to 50.

e. Statement number 322:DO 625 IST = 1, '5 was modified to

read DO 625 IST = 1, 40. This is consistent with the

decision to limit eacn set of specified fuel-to-air ratios

to between 35 and 40 entries.

f . The statement INDFA = IST was inserted directly after the

statement numbered 322. The statement RON = MIX(IST) was

inserted directly after the statement numbered 323. Both

of these new variables are part of the new labeled COMMON

blocks and are used only in Subroutine RATES;

'.9
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APPENDIX IV - SUBROUTINE OUT3

Subroutine OUT3 is an entry point to Subroutine OUT]. The main

purpose of this subroutine had been to provide the written output for

the CEC program. The modifications incorporated into OU3 permit

identification of the species of interest in the kinetic scheme (previously

described). Once identified, these variables are transmitted to Subroutine

RATES by means of COMMON and a call statement from OUT3. The specific

changes to OUT3 are as follows:

a. The subscripted variable MIX was expanded from 15 to 50.

MIX is the matrix of specified fuel-to-air ratios.

b. A dimension statement was added for the variables "SIEGEL"

and "CONCKI". "SIEGEL" is a singly-subscripted variable

containing the alphanumeric characters used in the idenfi-

fication of the chemical species of interest in the kinetic

scheme. The variable "CONCKI" is a doubly-subscripted

array representing the equilibrium mole fraction of a
S~given species for a particular pressure level at a specified

Sfuel-to-air ratio.

c. Labeled COMMON blocks SNEW, DICK, and EQNEW were added.

Definitions of the variables conta;ned in these blocks are
! provided in Appendix 1l.

d. The elements of the "SIEGEL" array were entered into the

program via a DATA s~atement.

e. Statement number 1000 was changed from a RETURN statement

to a CONTINUE statement.

f. 34 statements were aided to the program after statement

number 10C• in order to identify which-elements of the

CLC array EN (containing the moles of a given species

present in a part;cvL•: reaction mixture) were the ones

of interc.- -n the kineric aralysis. This problen- was

created by zhe storeqge of the alphanumeric characters

identifying reaction species in the CEC generated array

-
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"SUB". This array was created in such a manner that 4

determination of the specific elements of interest to

NREC had to be accomplished by a direct comparison of the

alphiumeric data in the "SUB" array with the specific

names in the input "SIEGEL" a.-ray. This comparison and the

calculation of the equilibrium mole fractions was accom-

p~ished in the DO 3000 loop of OUT3. The remaining state-

ments added *o OUT3 allow the equilibrium mole fractions

and names ot the specie-. of interest, the molecular weight

and adiabatic flame temperature cl. Lhe combustion products,

the assigned pressure, the fuel-to-air ratio,-and the

atomic and thermal characteristics of the fuel and oxidant

Lo be printed for each specified fuel-to-air ratio. This

ouzpu-. appears directly beneath the "normal" output (i.e.,

regular CEC type) generated by OUT3. The final cards

added to OUT3 are the CALL statement to Subroutine RATES

and the. Subroutine RETUaN statement.

I == = • • ••• = =
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U APPENDIX V -SUBROUTINE RATES

The primary function Subroutine RATES is to produce data, in-

the form of a deck of cards, which specify all of the kinetic properties

required by Program GASNOieat the equilibrium combustor conditions.

Subroutine RATES is called by Subr~outine 0UT3 of Program NOXRAT;

extrna inutbut does provide extert.al output in the form of punch cards

and pper.Internal input and ')utput are transmitted as arguments of the

suboutne ndthrough COMMION. The internal input consists of:

A ANUM CONCKI EEN

ENTH ICODE INDFA mIix NPT

NREAC PPP RON RTEMP 'TTT

WMlBO2 CN H

The i-ternal output consists of:

RI R6

The external outpuat cons sts of:

ANIJM ATT BCONI BCON2 BCON6

CH2 EKS EKI EK2 F

ICODE PHI PPP RON RTEMiP

Al R6

Fortran Nomenclature

The following table gives the Fortran nomenclature for those

symbols used in Subroutine RATES which are not included in COMMION.

Fortran

Symbo SYmb'ol Description Units

A(I ) A. Pre-exponential factors in the 3
S kinetic equations cm~ /sec-gm mole deg K

ANUM(,j) aAtomnic nsumber
AXUI(aJ I a = carbon

a 1 :2 = hydrogen
a 2 ,2 = oxygen

See Volume 3.
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Fort ran
Symbol Symbol Descriiption Units

CONCKI(J,I y. Equilibrium mole fraction of the
i"ith species for the jth pressure

at a particular fuel-to-air mass
ratio i

COMCM(K,J,I) (yi). Equilibrium concentration of the
kth species for the jth pressure
at a particular fuel-to-air mass
ratio i gm moles/cm3

E(i) E Activation energies for the
kinetic equations kcal/gm-mole

EKS k Fuel-to-air mass ratio at stoi-
chiometric conditions

ENI() n. Temperature exponent for the
"kinetic equations

ENTH(N) H Enthalpy c4 reactant n cal/gm-mole
n

ICODE Indicator
ICODE = I if kinetic rate
constants of Lavoie are
employed (Refs 4, 5)
ICODE = 2 if "best" kinetic -
data are employed (Refs 9, 17)
ICODE = 3 if "high" kinetic
data selected from Reference 18
are employed
ICODE = 4 if "lowa" kinetic data
selected from Reference 18 are
employed

IPRINT Indicator
IPRINT = 0 if data is not to
be printed and punched
IPRINT = I if data is to be
printed and punched

IST Index of equivalence ratios

NPT Index of pressures

NREAC nat Number of the nth reactant species

PPP(J) P. jth value of the pressure in the

cQ,.bus tor atm
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Fortran
Svmbol Symbol Description Units

RATEK(KJ,I) (ko)j jth value of the reaction rate
for the kth kinetic equation at
a particular fuel-to-air mass ratio i cm3/sec-'jm mole

RATWTS Ratio of atomic nun-bers

RTE•IP(N) Tn Inlet temperature of reactant n deg K

R2(JI) %R2 )j Forward Reaction rate for the second
reaction at the jth pressure level
at a particular fuel-to-air mass
ratio i gm-mole/cm3 -sec

R3(J,I) (R3 )j Forward reaction rate for the third
reaction at the jth pressure level
at a particular fuel-to-air mass
ratio i ga-mol e/cm3-sec

R4(J, i) (R/)j Forward reaction rate for the fourth
reaction at the jth pressure level
at a particular fuel-to-air mass
ratio i gm-mo I e/cm3 -sec

R5(J,I) (R5)j Forward reaction rate for the fifth

reaction at the jth prt=--z'e level
at a particular fuel-to-air mass
ratio i gm-mole/cm -sec

-TTT(J) T. jth value of the temperature (in
the combustor) at a particular
fuel-to-air mass ratio deg K

WM(J,I) MW. jth value of the molecular weight
of the reaction products at a
particular fuel-to-air mass-ratio gm/gm-mole

2=naiysis Procedure

The step-by-step procedure of Subroutine RATES is given below.
At the conclusion of the step-by-step procedure, the Fortran listing of

the subroutine appears:
a. Establish the printing and punching control.

b. Convert equilibrium mole fractions of C(s), CO, CO2 H,

N, NO, N2 0, 0, 02 to moles/cm3 by the relationship

= I Ji=/'ao'r=
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c. Compute the forward reaction rate constants as

d. Calculate (R1 )., (R2 )1, (R3 )., (R4 )i, (R1)1, and (R6 ).

=~L- 0 H~e,-(H)3

e. Compute (K1 )j -nd (K2)j

(K,• --~ O /1.. LR/[• -. (,A

If (R2)j and (R3 ) equal zero, (K 1). 35
if (R4)i and (R5 ) equal zero, (K 2 IO35

f. Compute as

as

g. Compute k as
SI i-- i-• -,- ,,),.

h. Com~pute cpas a~9 ~-*. -

i- Compute F as

F-

j.. Compute YCH 2 j

L - = i -. ,Cc

k. Repeat steps a through j for each of the specified
pressure levels.
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S. If all of the input f.el-to-air mass ratios have been

examined, proceed to step m-. If not, return to Sub-

routine OUTyof Program NOXRAT and repeat the set of

M- calculations in JNOXRAT leading up to the calling of Sub-

routine RATES.

Vm* !f this is the rirst fuel-to-air mass ratio at the parti-

W cular pressure in question, write and punch a heading

card. If not, go to step n-.-

n.. Write and punch the required output data at the jth pres-

sure level (for each fuel-to-air mass ratio at that pressure

level). This data is: F;P ; T; YNOJ yCOj;
S(s),j CH ; (R 1 )J, (R6) , (K1) ; and (K2 ) .

K .0. If this is the last fuel-to-air mass ratio at the jth

pressure level, proceed to stepp-. If not, return to

step m at the next ratio.

p. If this is the last pressure specified, proceed to step

q. If not,_return to step m.

q. Return.
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SUBROUTINE RATES (CONCKI,WMTTTPPPANUMENTPRTEMPNPTNREAC) RATnoDon

kEAL ,MIX(50) AAT* 0010i
M~MENSION COt,,CKI(1O,30),TTTf13),PPP(13),W4(11),ANUM(15,5),ENTHC15)AAT0002O

1 9 PM: P C I ) RAT00030
*)IML-NSICN R2(So940),Q3(3094'A),R4(30940)sRS(30,40)*RATEK(6*30940)oCRATflC4O

1ONM"CN(10.3tt.40) ,A('6.)EN(6) ,F(6) RAT.0050

CC.VvO%/SNEbi/RON' INDFA RAT*0 060
Cuv.OMMO 01CK/MTX RAT.0070
'CMOM~N/EGNEWR1(30,4fl)en6(3f,40),EKI(30,i40),EK2(3o,4O),ROH(30960),RAT00oat

1CH2(33,4G),ATT(13940)oF(40),PuIl(4fl),8CONI(30,40),RCON2C3O,4O),BCONRAT*009(i
-2o(30940)- RAT00100

eZ i~ATA(A(I),Iai.6)/3.1E.13,6.4E.0r%94.1E-13g2.QR13E413,3.8146E.13,4.SRAT*Ol10

z 250E#OOtO,OE*00. 10077E.00924*IE*00924*lE*00/*ICODE/2/ RAT*0130
RAT'nl4G

Co*** TEST FOR %RI+E CONTROL QATO0lSO

Co*"1 PAT00160
IST IkNWA RAT*0170

ItORINT a0 RAT'0186

IF(tPIXiISi.1),EO.0*0) IPRINT :3 1 RAT*0 194

C**GO RAT*020')

Ca*** SET PRES~iLRE LOOP RATOO0211)
Co***RAT00220

DO 6000 J. = T,NPT RAT0fl23fl

C00 1* RAT*0243

Cl** CALCULATE, COm-ENTRATICK!ý RAT*0250
C'..'RAT*0260

if -COhlcjtl5T) =CONCKIB19J) RAT*0270

--CON2 (Ji1ST) =CONCKI(29J) RAT*02RO
nCON6(J#1ST) = CONCKIC6,J) RAT*029C~
LpO 1000 1 = .5RAT' 030:'

ICONtYCM(Iva9jIST)= (CONCKILIJ)*PPPCJ))/(82.OS7tTTT(J)I RAT*0311fJ

Aowno CONqTINUE RAT@032L:
c *4*RAT*O33(

C~"a CCM.PUTE R~ATE CONSTANTS RAT*034C
C**4O RAT*035'

i', 20GO I =1.6 RAT*(o3b:

R.ATEK(I*J*IST) AtI)U(TTT')OO*EN(I))*EXP(-E(I)/(1.g87Em03*TTT(J))RAT0C37;
I ~RATOO38R

1)ýA cN u- RAT*039,

C40 CALCULATL FORWARD REACTION CONSTANTS 
RAT0 040
RAT4641

Rj(.,,IST) = ,RpATElviS)cmcýSiSTCONM6siT) RATon43
R2-I'r-i ='R-E1K(1,J9rST)OCCNYC'CSJIST).CONIJCM(9,jIST)) RAT*044
r-w'S)=(RA~K(3,.iTST)OCCN,~MC5,~JIST)*CONVCMC90,J,IST)) RAT*04S

5Rf.;,,ISTI = RATEK(3,jtST)OCC0NIC1C)(4,JST).OCONWCM(10.JIST)) RAT*046
R5(,JvST) = rRPA!EKC4,jIST)OCCNMCU(4,tjIST).*CONM~CM(7,J,1ST)) RAT*047

Rb(,CdISTi = cRA1EK(6,.,TST).CONYIC54fa.jST).CoNmCM(7,JIST)) RAT*fl48
C Q RAT*049

c ~~CZLCULATh Iq*K29RHO#KS9 ANfl PPI RAT*050
C- RAT*051

IFVZR(j,.-ST).t ~o.0..Ahnf.R3(jIST).EQ.0.0) EKICjgIST) aloOE*35 RAT*05?
IFCR2tj,1ET).Fn.fl.0.Akj).R3(jIST).EQ%.0.0) Go TO 2500 RAT*051
EKI-J.*IS'r) = (R1I(J-IST)/(R2(JIST)*R3(JISTfl) RATonl54

23~ IF (JS1.FC~.0A~fl.5(JIS).~.O.) K?(JIST) -a l.OE*35 RAT005!
.F7R4tJ1IST).EQ.0.O.AND.RS(jIST.eEQOeO. GO TO 27S0 AAT*05f

EK2(J*IST) = (R6(JISV5/l(R4tJIST).R5ijIST))) RAT*05-j

ý,750 RfOHtJIS!) =(PPP(J)'U.4(-))/C82.057*TTT(J)) RAT*05F
RAT*05(
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C*..* -'OTE*I*FOEL C4;D IS P14YSICALLY BEFORE OXInANT CARD IN INPUTOXYGENRATO6OeJ

C**** IS SECONU SPECIE SPECIFIED IN OXIDANT AIRFUEL IS SPECIFIED C-A. RAT*0610
11±C*.***- RATOO62O

C*** RAT' 0630C
ESx((12..ANUM(1,l)*I.*AN!M(192))*ANUU(2,2))/(28.99*(ANUN(1,1)#(RATO0

6 4i

PmI(IST)* 's RON/EI(S RAT*0660

iMIST) c FHI(IS!)OEKS/(1.4(PHICIST)'EKS)) RAT*06?n

C*** RAT*0680

C**** CALCULATE CONCENTRATICN OF CH2 RAT'069C)

C*** RAT*0700
RATWTS z ANUI4(191)/ANUM(le?) RAT40710
Cm2(JIST) a ((RAThTS/(Io12**2RATWTS))4(WMCJ)ORON/CRON*Io)))-CONCRAT*0720
1KI (2,J)-OCNCKI (3,J)-CCNCKI (jij)) RAT'o730

Co** RAT*0740

Co*** STORE VALULES OF T RAT*0750

CID** RAT'0760
A!TTJIST) x TTT(J) RAT*0770

F:-000 CONTINUE RAT*0780

C"" -. RAT'0790

C*"* PRINT AM) PUNCH OUTPUT RAT'0800
C"" RATOO8lO

IFCIPRINTE.EOo) 6O TO 9999 RAT*0820

DO 5500 3-C 1,NPT CAT*0830

00 9000 1 =J1IST RAT90840
IF1I.NE.i) GO Ta 8500 RAT*ORSO
ARITE(6,8100) ANUM(1,1),ANU).{192),RTEMP(2),PPPOJ),ICO0EoItKS RAT*0866
iWRITE(?,810O) ANUM(1,1),ANUM(l,2),RTEMPt2),PPP@J),ICOOEEKS RAT*0870

8100 F0R~vATc1Xv7HFUEL= C.E15.8.1IwdI4Ej5&8v18H INLET AIR T*(K)a 9E15*8/1XRAT'0R9O

19131-PRESb*(ATM) ,E15.8,THIcOcEs 912t13HPHI STOICH.. 9E15.8) RAT'0890

8500 wRITC!6,iZ00) FCI),PHICI),RoH(JI),ATTCJI).RCON6(j.I)tBCON2(J9i),RATOSOO0

8200 F0RMAT(1X,6Ej2.S/lX,6Ej2.5) RT02

wITEc796250) FiI),tr4I(l),RflH(jI),ATT(JI)tRC0N6(Jig),BCON2(JgI),RAT*0
930

IE~~L12~)RAT'r,95o

90GO rC0UTINUE RAT'0960
95q0 CONTINUE RT01

99vj9 RL.TURN IAT*09;o

END RAT*0990
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APPENDIX VI - LISTING OF PROGRAM NOXRAT

IltI

v
SR- 1
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'PROGk'AM NOXHAT(INPLIT9OUTPUT*PUNCHTAPE 5 * NPJT#TAPE 6 g oUTPUT9TNoXio~oO
'APE 7 s PlJNCI4,APE 4) N~x*ofl01

C Noxooht~o
C MAINJ PROGRAM NflX*003fl

I C OURLE PRECISION GtX NoxOOGasn
REAL 14IX(50) * 'nx*0064
INTEGER DATA# OMIT. EtJSERT9 RE&.Cv RL&NK, TI4RM9 EIJD.SUR -C*4

LOGICAL HPSPeTPWiflERUGNEORInNS.MOLESFROZEZL.PSIA.RKT Nnx0o0ot
L-OGICAL SHOCK.MMHG.PASCAL,EV.ICOETN,CPCVFRoC cE~INTENTs aO~oQ

LOGICAL FA*OF*PRATIOFPCT NX00
014ENSION O0.s:T(3.3),NICO(4),ENSERTc3,3),LM(2),LvP(2) #LvMt21 ) ~o~
ComON/POINTS/'4SUm(13)OSSUR(13)OCPR(13),OLVTP(13),OLi/PT(13) NOX~nl34I!I ,.*tXAS(13)oP(26).T(26),vL13).PPP(13),Wm(13),SONVEL(13),TTT(13-) ~4000140l
2 *TOTNCI3) v 4X~olsn

COMMION/NISC/ENN.SUA4N,TTSn,A73Mc3,101)sLLMTc15),8o(15),8oPc15.2, VOX~n1lTh

CO'MZ.'J /DOUBLE/ 6(20.21). X(20) NOXOO23n
ComUMN/INOX/ TnEBUGCONVG.TP9HPSFMPSPTPSPMDLES,NPNTAIPTNLL 'JOX*0 4 0
1 wNSIKm4AT9i4ATI1O1,I2,NOmIT,Ip,.NEWRNSUBNSUIP.ITNCpCVFRCPCVEQ NgX*0250
2 ,6NS#-NCNSERTJSOL,JLIQ.KASENREAC,ICJS1,VOLvSHOCK NOX* 0260
CO'4M0N/PERF/PCP(2&) .VmOC(13) ,SPls(13! 9VACI (13) :SUBARCI3) tSUFR(13) N0X0270
I CPRF(!~3) AEATtl3) ,CSTR,EGLFROZ,SSO NOXonzhn
u-O'MON/S&hEW/RnN, INnFA NOX~flqt
I-3~4MON/DIC2K/Mix NOXoo300
COvON/EQNEW/P1(30940)R6(30,4ovEKI(30940,EK?(30,40)ROH(30,40),Noxen3in

ICH2(30e40),ATT(13,40).F(40)9PmlC40),aCONI(30,40),eeON2(30,40).sCONNflX*O32f
26 3.- .40)) NOX0fl30f

C %0X* 0 340

EQJIVALENCE tOmiT,ENLýN),(EgNSERTEN(l,3)),(NLML.),(OF,OXpL) NOX*0350
DATA FIIT/ 4HOMTT/oBLANK/jH /9 PSTA/4HPSIA/.REAC/4NREAC/9IZ/2H.OO/ mox'0 3 7 n
I TNPUT/4HI'PIJ/.IF~/lME/,IJSE-RT/4HMINSE/,THQN/4.iTHER/,ENO/3HNEO/' 'NOX*03RO

DATA Lm,4HHr,CA,41ILG ,,LVP,21V*,1IH ,,LVMf2HV.,1x /,N&ILT/41*AME/ NOXon30.1
IJA'ELIST/TNPT7/KASF.P9TERAaiOOFFPCTFA.TPIPSP.RKT VJOX*410

1,PSIA,'4'4IG,SHOCK,IONS,EVV,V.ETNCPCVFR.CPCVEQ, IDEBUG - NJOXin4PA
29SILJNITtEUNITS,MIX NXn3

C NO X 0440

NEQ=FALSEo NOXflX 4 Af
C 'JOX00470

I WR~ITE(6,4no) *lOX*nI Ri

203 QEAC) (5,204) (nATA(I),Izol1s) No*nsoX5n
204 FOqMAT('5(3A493X)) NJOX*05ln

WPITE (60PA45) (DATA(I),I1=115) NxAp
2045 roR,4AT(lX,S(3A4*3x)) 4nPons n

IFCDATt.(1)sEOTHRM) GO To 90 Noxon5~n
:F(-ATAcj)*EQ*REAC) GO To 11 NIOX00550
:F (DATA{1).EOMIT) GO TO 205 mox~n5An
!F (OATA(1).F-Q.INSERT) GO TO 180 NOX*os70
IF{.ATA0'(1).EO.INPUT.OR.OATA(1).EQ.NmLT) Go To 21o NOX'60540jF(DATA(1)*EO.8LANC) 6O To 203 NOX.059A



1023tW~ITE(6.lo?4) Nxno

1074 'F3Rl1AT(40H0ERRflR IN ABOVE CARq. IGNORE CONTENTS* Of~
GO TO 203 -NO X*0620

%JspqT =0 -NOX
4 0640

'iDLES =*FALSE, NOX*065n
CALL REACT AOO6I
!F(L.EO.O) WRTTE(4,52) tJOXonh~n

52 rOR4tAT(?4HOERWOR IN REACTANT CARDS) Nnx0O6qO
53 TO 203 Nnx*n6gn

C. . OfXen7~n
C R~EAD THERM4O OATA FROM CARDS AND! STORE ON TAPE,4 NOXon7Io
C -NOX*077!n

QO %IEWR = aTRU Ee NOX*0730
P=WTNL) -4 NoXoo74ri
REAo(595) TLOWTMIflTIIGH NOX~n7qn

5 r3iMAT (3FI0.3) N0X*0760
*4RITE (49s) TLOWtTmIDTHIGI4 'J0X~t77n

Q7 2;AD (59j0)(OATA(I)vI1916)tNCn(j) NOX*n7Rn
10 i3'R¶4AT(3A4,6Xt2A3,4(A?tF'3.0)tA1,2F1O.3,!15) .Nnx*n7go

lr(QATAjJ).E0.RLANIC) 6ATA(1)=END NOXeOgnn
:WRIRTE (401O)(OATAIT),1,116) 'JOX 0oRln
-IF(OATL-(1).EQ.ENO) GO TO 203 '4oxong~n
REAo(59,..)) (ATACI),I1=15).NCD(2),(DATACJ),Jz6,10),NCD(3).CDATA(K),tJOX*oR3n

Z0 FORtT(SES5.8,I5/SEIS.89Is/4E1S.,1B920) 'JOx~nR5
WJRITE (4.21) (DATACT),1=114) ~O~~~
21FOiT 1~5.8/SE15.6/4El5,8V. NOX*0670

IF(-NCD(Tf).EQ-I) Go To025 N!ox~ng;0
wRITE(6,22) (O4TA(J)qJz1,3). 'qox~090f

7 M23bAT(28H0E-RROR IN ORDER ýF CARDS FOR 93A4)
25 CONTINUE NO'4X*0920

303 TO 97 VJOX909lo

C VDX*ng30

C NOX*ngfn
180 DO 185:1=491593 qJOXOn970

!F (0ATACI).EO.sLAmK) GO TO 185 a . *0oxoo
kcERT = NSERT.1 NJOX*n0i9o
EbJS=Ri.L1NSEQT) =nATA(I) Xioa
* NERT(29NSERT) =OATA(1.q) N~o~ rio
VvSERT(3,NSERT) = r)ATA(1*2) VIXOI 0'o

1'5 CONTINUF NOXO 1030
30 TO 2o3 -NOXoi 040

C CHiECK OMIT CARDS 'jOX-i 0s
C Nox~ 070

21)5 D)O 208 1=4915.3 *NGX~ onn
Ij (DATA (T)-EQ.RLANK) GO To 208 Ivnx-oioQ
N;Q'1TT N~~ %4OX01 104
:)MIT(3 *NOMIT) =DATACI) NXl
DO4IT:(2,NOMI4T) DATA(I.I) NOlfXOI 120

* OMIT(3,1JO40IT) DATA(I.*2) Nxil
248 CONJTINUE NnXOI l4o

%,EwI= *TRUE. N4ox~1 5o
-00 TO 203 - n4xQ1l~n

C NOX4117f
C BE;GIN NAMELIST INPT2 NOX9liBO

- C 1 ~lGlQon



60

2i0 Do 300 1=1926 NOX*1200l

0CP(I) otNO.11
p(I)r 0 NOX01220
T(I)= 0.NOX01230
v(1) NOX*1240

340 CONTINUE NOKI 250

VI 0, NOX012fi0

V2 00 j. 40X12
R40Pa 01NOX"1 2Bf

4ASCZ 0 NOX*l2'90

TP = -FALSE. NOX*1300
40=.FALSE* bJOX*1310(

SP=.FALSE, IJOX*13PO
RK FALSE* NOX01310

CPCVFR 3 FALSE* '0X*1340

CPCVEQ .PALSE, NOX013SO
SHOCK U*FALSE@ NOX0360

DETN .FALSE* 'JOX*137n
EV= FALSE. NOX013An

PASCAL z .FALSE* NOX*139O

MMHIG * FALSE, N~x*140A

PSIA = FALSE* NOX'taln
Q I.9R7165 NOX01420

QR 41R4**R 'J0X*143n

SIIJNIT =*FALSE* N0X*1440
r13NITS z *FALSE* 'JOx*1 450

TONS = *FALSE* Nox*1 6

IOERUG=3.FALSEs 0.17

FA= *FALSE, NOXoI 4Rn

OF= .FALSE. NOX01 40

ER4TIO -_,FALSE. 40XO'iSOf

FPCT= *FALSE# NOX*1510

00 3G3 I 1.50 NOX*1520

II) 09 NOX'1 53n

3il3 CONTINUE NOXOI54fl

EQ c TRUE, NOX*l 550

Q=A0(5sINPT2l NOX01560n

00 305 T1.26 NnoX0I 57

IF(P(I ).EO.r0.) GO TO 322 NOX0ISQO

%p=I NlOX*lS90

IF (1MMHG) P(NP) 3t PCNP)/7409 NOx~ finn

IF (PASCAL) P(NP) a P(NP)/1O1325* NnX*16 ln

IF[PSIA )P(NP)xP(NP)/14.696006 Nox~l6flp

31S CONTINUE NOX*1 630
322 n 625 IST =1.40 mnX*164a

INOFA = ST NOX*165n

IF (IST.NdE.j) WRITE(69400) N~oXIj~70
irt MIX L!ST).NE.0s) 60 TO 323 NOX41670

lFcT'SI.NE 1) Go To 1 VOX*16Q0
4.RITE (6#724)141

7P4 FORI4A'(48HOND TNPT2 VALUE GIVEN FOR 0F. EORATI PA' OR FPC T  Nnfllnn0
IF i(wP(?).NE.n.) OXFL 2WP(1)/WP(2) NOX417in

SO To 333 NnxOI72a

323 OXFL =MIX (1ST) N0X* 1 74ln
WN= 341X(IST) NOX*1 750

!F(FA) OXFL =1./ MIX(IST) 4OX01760

.CF(FCTi OXFL =(10n,- M41K(IST))/ MI1XCIST) 'J0X*177

!FC.NOT.ERAT70) Gfl TO 333 40X*1 77n

E4RA' = '4!X(¶ST) NOX.17RO
IFCEGftTeEQe1.) EORAT jeDOODOS0
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S(2)/(VS(1)*EQRATOVM!N(I)) X*80

3XFL =(-EORAT*VT2)VPLN{2))/vpi 
OL1o

333 SUJ4 OXFL 4*. 
Noxolsfl

V2 = (OXFL*VbiTM(I)*VMtN(2))/SUM 
KOXI R?0

VI = (0FoPSl*VL()/U 
NOX*19830

IF(V2*NFeq*) FOGRAY=ABS(V I/V2)O*14
'A (RHtOMl eNF. 0. *AN09 R'4OM2 9NE. 0.) GO TO 744 NflX*1950

RIOP = RKOM2 
NnX~ R60n

lF CR14OP .EQ. 0.) RHOP 2 R140(1) 
NflX*1870

3O TO 745 
NOXI R8r,

74& LHO =L(OXFL+l.)*RHO(I)*RHO(2)I(RHO(1)4OXFLORHO(
2)) NOX0 i~qO

IF c.NOT.IONS) GO TO 746 
iOX*t9I 0

LL =L-1 
vnx-jq fl

IF CLLI4T(L)*EQ*IE) GO TO 746 
VJOX*1q3n

L NOX*1 940

LI L~jNX1S
LL'4T(L) = IE 

OX*1 sn

33(L) =0. 
NOX*1 970

746 30 747 I=I.LL 
NoxM-Rflqn

RoVI) =(OXFL .BOP{It1)* S0P(192))/SUM -sox-L99n

747 CONTINUE 
Nxpn

NPT =1 
NxP~

HSI!40=(OXFL*HPP(l) * HPP(2))/SU?4 
NOX*20?fl

If- (.t-lOT*NEWR) GO TO 786 
NOX*Pnln

CALL SEARCH 
NOX*204fl

IFtSHOCK.OR.DETN) GO TO 760 
No, ' ?fl~n

D0 755 N=1,NREAC 
NOX*706n

!F~(NA.ME-(N*5).NEgTZ) GO To 755 NOX-;1O70q

TT = RTEMP(N) 
NOX*?0Ofl

CALL HCALC 
NnX0*0'~o

GO TO 760 
NOX*?1 00

755 CONiT1INE 
NOX0717l

7&~ ()w'ITE(6*INPT2) 
NGX*?,:?n

796 r-N =1 alOX*?13fl
SUHMJ = ENN 

NOX*214n

XI = NS - NC 
NDX4 ?,lSO

Ki = ENN/xI 
%lOX*7160

XLN = ALOG(XI) 
NGX*71 70

DO 432 JjvNS 
vIQK*?1 qt

lF(IUJ:E(J)-EE-.-1
0 0 0 9 ) IUSE(J)zO 

Nnx*7j cfl

IF IIUSE(J).NE.0) GO TO 432 
'VOx*720n

7EN(Jsi) = XI 
NJOX*7?l 0

--L()=XLN 
NOX*-eP??fl

432 CONTINUE 
O??I

iIE(697-80) 
NOX*7240

770 fln.m-^ (IHO*17X94HFUEL ,13Xs7HOXIDANT v12Xi7t1IIXTURE 1)NOX*'250

7;10 ~(1"i 2A4,3E18.S/) 
NXP6

.-#~ 7AO) LHH4PP(2 ),HPP(1),HSU8OLVPtVPLS(2),VPLS{1)*Vo 
NX*?7

uistji3 = iiSUii/R 
NOXO;I~qf

WA~ITE C607R5% 
IMD'2300

795 7Gýý (88 ATO-AS/G )NU=02310

l,;lITEI-6,78o) (LLMT(I),BLANK,80P(I,2),aOP(I,1)080(I)9IuB.LI 
-

!pejC.EO.fi) Go TO 790 
Nxt

3~J=!NS 
NOX07350

(ridS'r(..)-EQ.0) Go TO 302 
MOX-236n

'7(IU~c.(Jj.GT.fi) IUSE(J)= .IUSE(J) 
NOX*237n

EMLN(J)=0.0x*23go
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IF(NSERT*EO*O) GO TO 302 NOX*24on
DO 301 t1=1NSFkT NOXopa1 0
IF(SU6J(J~j).hJF.ENSrRTC1,I)) -30 TO 301 O74?
IF(SUa(J,?)eNF.ENSFRTC2vI)) 60 TO 301 NOX*2435
IFCSUBI(J,3).NF2.ENSERT(3qI)) GO TO 301 NX74
ENJSPRT(loy) co, NnX*745fl

I USFIJ)= -IUSF{J) NX77
3n1 CONTINUE NOX024RO
3A2 CONTINUE INoxop4qn
790 ITNl. 3s N40x,0on

IC = FALSE* NOX*?1 0
JSOL =0 Nxpz
JLIQ =0NOIX*p5ln
IF(DETN) CALL rhETON NflXO?54fl
IF(RKT) CALL RO-KET NOX*pS5O
IF (TP) CALL MnLIER NXp~i
IF(HP) CALL CMS4STN NOX*?570
IF(SHOCK) CALL SHCK NOX*PsRn

6?5 CONTINUE mox*?21Qf
'JSERT 0 NOX*26on

-GO TO lX71
END NOX*2620
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Skl3ROUTTN.: RE~ACT RcT*rn0on

C OUqLE P9CSO G.x RCTeOO2n

LOGICAL HPSPTPiflEt,JGCONVGNEWR.I0NStMOLES9rOL9FROZ Tofl
C ~RrTQA4fl

DIO-ENFV.'J A.:4AMF(IS,5)qV(I5) RCT*OOOSO

C1MON/mu~SC/ *:NN.SUUNTTSflATOI4(39101)9LLMT(15)930(15)$B0P(1
5 92) RCT9A~07n

I 1 *,TLýý.TM~fl.THItH,PP,CPSUM,OFEQRAT,FPCT,R,~R,HSU5RO,AC(2) ,AM(2)RCT~o0ofl

2 ,.iPPC 2),R).CL,).VMTN(2),VPLS(2),WP(2),DATA(22),tSAME(15,5) 
RTnq

4 ,,9Wl'RJRCr")110
COA4MN/1NflX/ 1--Jr4.CONVGtb',HPSP.NPSPTPSP,?4OLES.NPeNTNPTNLM RCT0fl12n

-. *,S,KMiAT,I,4Ay.1OlIQ2,NOM4ITIPMEtRNSU8.NSUP.ITNCPCVFRCPCVEQ RCT*0130

2 *IONS*NC*NSFRT*JSOL*JL10,'KASE,NREAC.il-'JS19VOL*SHKOCK RT0&

C RCTOnISO
EQJTVALENCE cNAmE,ANAt4E) ,(NLM,L) uiCT~fllfio

C RCT~n!70
DATA MOL/1,*4/,OX/lHO/,LANKIC/H /tIZE~ot2HOO/ RcT~ol8n

C RCTonlgn

DO 10 K=1*2 RCT0n2on

'WP(K;=0. RcT*0210
PiPP (K)RCTOOZ??o

RI4O(K,=o 0.~ni
VPLSM:-. . R-T~O240

V'41N(K o. RCTonP5n

AC(K 3=O. RCT~n?FAn
AMW=.RC~T*0270

DO41 j=1915 RCToORfl

LL-4T(J)=0 RCT0n2go
RCT~fl3Do

8 C-04TVIUE RCToo31n

14) CONT~INUE RCTOO32n

L= I RCTOO34n
20 ~~C5,1 (N ,'IANUMQUtilhulS),PECWT(N),MOL.-EENTM(N),FAZ NRrT o35

1 j:YmPcIt) .F'^XiN) ,-,ENSU4) RcT~n3E6n
21 FPOivgC5C,;ýFT..7ý,v7.5tAlF9.5sA1, F8..5,A1,F8E5) RCT4*0 376

~NM(,JE..N)GO TO 200 RcT~n3;n

!lF:L.Ec.Anv' T) 20 RCTon39n

#;RITE. (F,- -) _, Nt'E"--'ANU4(NOI)91,5)tPECWTfii),MOLEENTH('J)tFAZ RCT*,nz.nn,

1 !..R -E4P C N) , P0! DCENS 04) RCT0041 0

SAT (1X.5(A2,j~x;F/l.492X) .J8.4,2XAlA1Fl14,?2XAl,2XF8.3,2X9 RCT'o42n

:5 :F('IOLE.EQ.MOL) POLESz:,TRUý. RT04
K(=2 RcT~n45n

!(FOX(')OXK RCT*046n

4.3S C0'L,-UE RC.T0044fl
RCT~fl5on

Da100 J.!=15 RCT~n51n

77'iNW¶(NjjJ),E~o..)GO To 101. RCT~n520
DO 41 J=1915 RCT~oin~

%j= -; RCT0454fl
1.FlLL~l(J).E0.fl) GO lf 45 RCT fli5n
I-F!'J.A:/EW'k,JJ).E~oLLt4T(J))GO TO 46 RcT~o~ns

41 CONTINNUE RcT~n57n
45 L = NJ RTnw

LLM4T(J)=NAME(N,JJ) RcT~nsgn



46 DO 48 i(Kl01~ 6 RCT*0600
F--IF(ATOM(1.KK,.EQ.ANAME(N.jJ))GO TO 50 RCT~nr,1n

48 CONTINUE RCT*OiiO
L=0 RCT*o6jo

GO TO 20 RCT*0640
50 i4=RM*ANUI4(N,JJ)*ATOMc2,KK) RCT.06'i0

V(J) AT014139KK) RCT00fl670
DAT ( J) =n'um(N.jj JJ)n6

ino CONTINUE RCTeo6PIo
Ij PC4T=PECWT(N) ACT*ofign

IF(MOLES) PCWT=PCWT*RM RCT*07oo
.WP(K)=WP(lc) * PCWT RCT.0710
IF(NAME(NoS,) FR~HPK~HPK*ETI)O~TR Rc~TO 072n

1YAM(K)XAM(K)*PC;T/RN RCT*0730
1- ~00 110 J219L C*14

;OP(J.fK)Z0ATA(j)*PCWT/RM *80P(J*K) RCT*0750
110 CONTINUE RCT.0760n

IF(OENS(N).NE.5.GO TO 115 RCT~n?70
-GO TO 117 RCT*07RO

115 RHO!K)=RHO(K),PCWT/0ENS(N) RcT.07Q0
117 R,4V(N) = AN RcTOngon

4 = I1 RCTOOR1o
-IF(N*NE.16) GO TO ?o RCT~n8in

200 =N1 RCT0n83o
IF(L*EO.o) Go TO 1000 RCT*OR40

215 ::N:::Us O.h G TO 220 RT06

MPPC)=HP(K)/WP(K) RTn~
AMW.( = WP(K)/&14(K) RTnA

OR:OP(JqK)=ROP(JtK)/WP (K) RCT*n9lO
"!FcV(J).LT*0.)V141N(K)= VMINCK)*BOP(JgK)*V(J) RTqa
TF(V(J).GiT.O.)VPLS(K)¶/PLS(K)46OP(JK)OV(J) RCT*Ofln~

11-52jSCONTNUERCTe094n

-IF (MOLES) GO To 22o RCT*095n

IF(FOX(N),EO.OX*ANfl.K*EQ*2) Go TO 218 RCT*ng70
IF(FOX(N).NE*flXt.1Nn*K*EQ.i) Go TO 218 RCTflgqo
PECwT(N) PECwT(N)/WP(K) RCTon9go

2iR CONTINUE RCT*I 00
220 CONTINUF RCTO1010

Vi='.=TRUr, RCT8Io?n
00 230 mi 19,NQEAC RCT*1030
IF(DENS(N),NE.oe) Go To 230 RCT*1040

PHOI ( 1) =0. QCT*I0o5
R'iO(2) Os RCT*t 060
SO, TO 1000 RCT*1 070

1000 ýETt;RN RCl*I0oaI:3 C010



65

SUi3ROtTINE SEARCH SEA'0000

C SERCATAPE FOR THER'40 DATA FOR SPECIES TO BE CONSIDERED SA0P
INTEGER SlUROMIT9ENO F*01

C SEA-D04A
LOGICAL NFWR SEA9005A

C SEA-cfnni0
DIMENSION DATE (2,3) HT (4)*3~(4) OMIT (3,3) SEA00070

c ScEA6008n
COiMMuN/SECES/LOEFt2,7ol5fl)9S(15O)9EN(150913)9ENLN(150)eH0(150) SFA~nn~
1 .D)ELN'(1SO),A(IbiI'0),SUFI(15O,3',IUSE(150),TEMP(SO,2) SEA*AIOO
Co4imONMISC/FNNSO28N,'TT,SI),ATOi4(39101),LLHT(15).BO(15),B0P(1592) SEAOOnll

2 *oqPP(2),RHC(2),V,4YN(2),VPLS(2),WP(2).OATA(22),NAME(I5.5) SEA*013n
3 ,ANUM(15S,),PECWT(1S)sENT$(15),FAZ(15),RTEM4P(15),FOX(15),DENS(1~,SEA01nln
4 9RHOPvZMW(15)%TLN SFA0O15A
COMMION/IN-i.X/ TDEBUthCONVG,TP,HP,SP,HPSP,TPSP,MOLESNPNT,NPT,NLM SEA*016o
1 ,NSKMA7,IMATIl,10l2,N04ITIPNEWRNSUB.NSUPITNCPCVFRCPCVEO SEA00170
2 ,IONSNCNSERTJSOLJLIQKASENREACICJS1,VOL.SHocK SFA*018n

c SEA*nlgn
EQUIVALENCE (OATEEN),(OMIT9ENLN) ,(ENDOOEND) ,(LiNLII) SFA*0200

C SEAOO2'jO
DATA GAS/1HGi,ENO/3HEND/ SEA*0720

C SFA00230
NC= 0 SA04

0x ( SEA*n?;fr
COEF(lt1,1) =ENOD SFA*926n
I z SEA*O0lfl
D0 3 1=1*150 SIFA*OAO
IF(A(1,I).EQ*ENDO) GO TO 4 SEA00290
DO 3 Jý19L SFA0'O300
A(,JqI) = 0, SEA~o31o

3 CONTINUE SFA~o 320
4 'iA1XS ISEAc.033a
qE4 IND 4 SEA*n340
R=-0 (495) TLOWTMID*THIGH FMo5

5 0zdRAT c13F10.3) SEA*cI3fifl
Ns= 1 SEA~n370

7 RE.AD (4,10) (SUR(NSI),I1,*3),OATE(1,NS),OATE(2,NS),(4T(J),B(J),SEA~03R0
I~ j1j4)%PHAZT'*T;ý SEA*n3qn

10 OMAI3A46XA3,4(A29F3*0)9AI,2Fl0.3) SAoo
IF(S'J8(NS,1).EO.EN0) GO To 1.71 SEAOO4I n

;,o F3RmAT3 (SEIS.Ri StA*n430
IF(NO0IIT.FQ.oI GO TO 810 SEAun440
!DO s05 T=1,NOMIT SEA0045n
DO 804 J=193 SEA*n46n
IF(0mIT(qJ),INE.SUR(NS*J)) GO TO 805 SEA*n470

R04 CONTINUE SEA0fl490

'13 TO 7 SEA*049n
8.15 CONT.IMJE SEA'~nSon
810 D3 q~ K),4 SFA@0n1 0

!FiC).O0)GO TO 825 SEA*A4;?0
DO 168 1=19L SF~~f
IF(LLmT(I.-EQ.mT(Ki) GO To 820 SEAOA540

168 CO.\TINUF SEcAOons5
5a 81 j=I*L SF A0560

A19 ~-:js\sl a 0.SEA*057o
60 TO 7 SEA~n5qn

820 A(IOrNS)Z, RmK SEA-0590
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8P5 IF(NS*EQ.14AX'S) 60 TO 870 SEAeO600

!USF(NS)= 0 SEA~n6lo
-iTF(pHAZ-EQoGAS) GO TO 170 SFA*9620iV~C= NC.1 SEA*0f30

TE'4P(NC#1)= TI SEAE)640
TEIP(NC,2)u T2 SEA00650
1X= IX.1 SK.A00660
IF(TUSE(NS-1),E~oO 9ORo NC*EQO.) Go TO 145 Enfn
DO 930 T=19L SAnR

I F(A(IvNS).NE.A(INS-1)) Go To 145 SFA*4690
AID CONTINUE SEA*n700

IIX= IX-1 SFA*0 710
145 !IJSE(NS)u -IX En?.
170 NJ5Z NS.I SEA4073n

00TO07 SFA*0740
870 WRITE(6,B71) (SUB(NSj~Jal913) SEA*n75n
871 FORMAT (45H001IMENSIONS IN/SPECES/TOO SHALL TO CONSIDER 93A4) SFA*n760nSO TO 7 SEAOT7O0
171 NSc NS-1 SEAfl7qn

lEWfR= *FALSE, SEA*Oioo
WRITE(69172) SEA~n~ea

172 FflRMAT(42HnSPECIES BEING CONSIDERED IN THIS SYSTEM SEA*ngIO
no 174 1=1.NS95 SFA'O 820

15= 1*4SEA~nR30
jF(%SeLTfeI5) 15=NS SFAEA40n~

174 WRITE (69176)(DATEL1,j),DATE(2,J),SUBCj,1),SU8(j,2),SUB(J,3),ju!, SEA08O5O
1 IS) SEAm0860

176 FORMAT(5(SX,2A3,2X,3A4)) SEA*O870
-jRjETURN SEA00880

END SEA.0e;'^

-A
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SUI3QROITINE EOI-aR14 EoL*oOO(I

c ROUTINE To CALCULATE EQUILIBRIUM COMPOSITION AND DROPERTIES EGLOnnin

DOU.LE PR~CCISTON X.Gi EOL*01no)
LOGICAL HPSPTPIflEBtJGCONVGIONSM4OLESFROZEQLLOGVHPSFTPSP EQL~n04n
L05TCAL IS7NG9ICqSH~OCK EQLAOOSO

c EQL'flOhnf
D14iENSION PROW0iB) EQL~nO7n

c EOL*00Afl01

C04O'VIMOPOINTS/XSUMt13) ,SSUIM(13),CPR(13) ,DLVTP(13) ,OLVPT(13) En,-;-nag

29TOTN(13) EQL*0 IIO
C-OMtMON/SPECES/COEFt2,7,I5o)tS(150),EN(15OI3),E-NLN{1So),HO(150) EQL~nl2n
I ,DELN(SO),IA(15.ISO),SUB(1Sfl,3),IUSE(15fl),TEM'(5092) EeL~nl3n
CO.G.i,'4O/&AISC/FNmSU,4NTTS6,ATOM(391O1),LLmT(15),BO(l5),ROP(15,2) EQL*0140
I *T,Th.TOv,Tmin,THItHPP,CPSUM,nF,E(ORAT,FPCT,RRR,HSUBO,AC(2) .AM(2)EOL*0150
2 *..4PP(2),RHO(2).VMINCZ),VPLS(2),WP(2),OATA(2?).NAME(1SS) EQL0OiFA
3 IANIJML1595)tPECWT(IS)*ENTH(15)tFAZ(15)gRTE14P(15)tFOX(15)*DENS(IS)EQ~L~o0~ln
4 *RHOP*RMW(1S),TLN EDLO01RO
COMMON /DOUBLE/ GtPO.21)v X(20) EQLOI 90
CO'IMON/INýX/ InE8IJG,CONVG,TP,HP,SP,HPSP,TPSP.4DLES,NPNT,NPT;NLM EGL*02nn
I ,NS#KMaT*TmATIltQI12oNoMITtlP9NEWRONSUB,NSUP$ITN#CPCVFRtCPCVEO E0L0n2lo
2 ,IoNSNCNSERTJSf)LJLIQKASENREaCICJS1,VOLSHOCK EOLO?22
CO',40¶N/PERF/PCP(26),V!4OC(13),SPIM(13),VACI(13),SU8AR(13),SUPARL13)E()L*023D
i tCPRF(13) .AEAT(13) ,CSTREQLFROZSSO EL04

c E QL~202
EQJIVALE-NCE W0lLML) EGLOA760

C EfQL~n?7n
:DATA IE/ltIE/,SMALN4O/l.E-6/,SMNOL/u13s8155j1/ EQLfi250

C EOL*0290
SIZ== 1A.5 EGL~o3no
STZF = 0. EQL0 o3ln
1SING = FALSE. E-QL*n32n

%.L= ALOG(EKNN) rQL~n3n
LOV FALSF. EOL00340

PPLN ZALOG(PP) EQL~n35n

CONVG EOLE,;'L*n37n

!TNUMB ITN 1096 L*n3S0

k.s1 = I EQ'41~

Tm ~ = PPN- NL Qsnj

TF(IC .Go To 966 EGO 49
IF ,NPT*) S.6*E-QLLNO) o O3 E-QL*o0i
LMO EQL*0 471z

~IF (LJl *F.- oTo9 EOL*65n0

4qq COTIN~jrEOLOA54n
33IF(NPT.=O.j.ANn.,N4)T.SriOCK) WRITE(6924,4)(LL4TiI)*Isi.L) EOLOfl55n

244 F3RIAT (4Hi0?T ,14(5XvA4)) EL0~
c E-7400070

c AE-3N ITERATION~ EOL~ flSAf
C
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43 CONTINUE EOL*of6oA

IF(IC) Go Tn 1171 EOLn6I 0
IF (.NOT.CONVG.OR..JSOL-EO.O) Go To 62 rOL0n620
E.NSOL =E.N(JSOL,NPT) twLe 0630
EVJ(JSOL*NPT) = EN(JSOLqNPT1 *EN(JLIONPT) EQL*0640
lUSECJLIQ) =-IUSE(JLIQ) EO0fl 6 S0
Ial 101-1 EQL~n66o
DLVTP(NPT) = 0. EQL('670
CPRCNPT) = 0. _EGLO06RO
GAMMAS'NIT) x0. EOLO £,Qt

LOGv = -,RuE. EQLoo700
62 CALL MiATRIX EOL~n7ln

NJR= ITN-ITNUMB.1 EnL0072n
IF(.NOT.CONVG) GO TO 67 EOL~n7ln
IF (LOGV.ANO.JSOL.FQ.O) Go TO 63 E0L0 0740
DO 182 1=19L EQL00750
PROW(I) G(IQjvI) EQL*n7fio

182 CONTINUE EOL-n77n
IF (eNOT*LOGV) GO TO 67 EQLon7RO

C EQL0O790
C LOGy = *TRUE,.- SET UP MATRIX TO SOLVE FOR DLvPT EO0L0800
C EDLOnRi

63 G(1019102) =ENN EQL*08 20
10Q1. = E -FQLoORln
DO 777 1 = 14TO E4L~nR~n
G(I9102) =G(T9I01) EQL~0nS0

777 CONTINJUE EQLeogfo
A7 lF (-NOT.IflERLIG) GO TO 72 EGLOOR70

WRITEC6,772) NUMB E0L9 O~iR4
772 FOR~MAT (1]HoITFRATION ,13,6X,7HMATRIX 1)EQL*nbgn

DO 911 I~iqImAT EQL~nqnn
9i1 WRITE (6.73) (G(I9K),K1,I0mAT) EQL*0910
72 IF(CO.'VG) IMAT=IgAr- Q1n~

TTST = !MAT EQL 0 0930
CALL -MGAUSD ;7OL8094n
Ip{iTST.Nr.IMAT) Go TO 77'4 ELo
!F(.NOT.IflFAUG.OR.CONVG) GO To 773 EQLQ0960
WRITE (6v373) (LLMT(I),1=1,L) Et)L*1%97n

373 PoRmAT (7HOPI 99(A4,1nX)) EOL*09RO
#;R!T=E (6,73)(X(I),I=1,IMAT) EOLon99a

73 FORMA.AT (9F34*6) EOL0I 000
773 ir(.NO3T.CONVG) Go TO 85 EQL*110l

lP(.'N0T.LOGV) GO TO 174 EOCL*1020
TF(JLIO.NE*0) FN(JSOL.NyPT)=ENSOL EOL*1030
GO TO 171 EOLoI194n

174 S~i =O0. EQL*l o~o
Do 175 J=1,L EQL*1 050
SUM = SUM#PROW(J)*X(J) EOL*1070

175 COXT7NIJ;7 E0QLl 0 qA
DLVT?(NP-T) = I #GC1029IQ1)/E.NN..SUM/ENN -X1I01) EOLo109n
cpR;NNT) = G(1621102) EtQL 0 1U0~
D o 17o ,j=1911 InQ11
CPR(NPT) = CPR(NPT)-G(102,J)*XiJ) EQLG11?o

176 C-INTINIJ rO0L13A
LOGV = TRUE. tQL*114n
SO TO 5? EQL*1 1:;

C E0L*1 160
C SIZVJLR MATRIX L117

C PEQL*114n
c IF(ISING) SINGULAR ONCE ELI9
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C IF(IC) SINGULAR~ TwiICE EQL.1 200
C E0'~oi~ia

774 IAF(.NOT.CONVG) 6O TO 775 EQL*1220
WRITE (6,172) EcoL~i2in

172 FOiiMAT(2 AHAgDERIVATIVE MATRIX SINGULAR )EOL*1240
Ic = EQL*1 2Sf
GO TO 1171 EQL*1?6n

775 IF (ONOT.HP.OR.NPT.NE.100RONCeEQoo.OReTT.GTOIoo.) G0 To 871 EQL*1270
4AIT.Tw(6, 874) E0L*12R0

R74 Fo~iIAT(96H.OLow TEMPERATURE IMPLIES CONDENSED SPECIES SHOULD HAVE EQ~L*129n
14EEN INCLUDED ON AN INSERT CARD, RESTART )EQL1 3on
SO TO A73 EQ0L1310

871 WRITE (6.74) EOL0132n
74 F3R.4AT(j6I4DSlw.-ULAR MATRIX) E00~1310

IF (IC) GO TO Fi73 EQL*1 34.0
IF (ISING) GO TO 997 EQL*135n
%JTZEi4O = EOL' 3fi0

966 00 Q70jj1=i .NS EOL*137n
IF(IUSE(JJ)) 970,968,967 EOL013RO

967 IF(EN(JJvNP'T)9EQ&O.) GO TO 873 EOL'134n
GO TO 969 EGL*1400

968 IF(EN(JJ,NPT).mJE.o.) GO TO 969 EQLO1qOn
EN,(JJ*NPT S='.iALNO E(QL) 42a
ENLN(JJ) = SMNOL EQL*1410
0O TO 970 E0L*1440

969 N4TZERO =NTZERO#1 EQL*1450
970 CONTINUE EQL'I 460

'-F(NOT-C) o To971EOL*1470
TC= FALSEe EQL'1 4R0

30 TO 43 EQL*1490
971 ISING = *TRUE* E0L150o
77WRITE (69776) EL*LOI1l
77 omT(8mORESTART) EQLo!S?0
G3 TO 43 EflL~i 3o

997 IFmZR-E-L1)G T 7 7L*1540

83 E=- QL*i 630
JE's = J0

E'Jc(JvNNPT) = RO(I)/GoIToESo EQL*l 670
'i3CO4TGU TO SoEQL*16R0

j'SU4nPT = 0. EQL*164n
RO CONT7NU NS EOL 0I 730
NFEN(J~P)F.. GO To+ 84QL*1 740

Er(-NvJN.PT) A(ENN I9EN ;QL-1 is

zuEN.LJNPTF) 0TOs3EQL 0 1760n
caL~' ( = 0LOS(EM) EaOL177o

HS'4txT = Ex iSU~T() ) E(,NT)x0 EOL*1 Th0

44 CONTINUE E0L1j7q0
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T4I ALOG(PP/ENN) EQL*1 oo
GO TO 43 ErJL*HIO

A5 MTUMS=2 ITaU'4R-1 EQL*el O
C EQLIH930

OB3TAIN CORRECTIONS TO THE ESTIMATES EQL*1 R40
C EQLO1 B5n

KK= L ELB6

DLNT= WON) O1 i
IF (TP) OLNT=O. EoL~i Rqn
!nO 101 *J=19NS EQLIR9QO
IF CIUSE(J)8 1o199%100 EQLo1 900

Q8 nFLN(J) = HO(J)*DLNT-HO(J)*S(J)-ENLN(j)-TM*X(101) EQL*19lo
D0 99 K=19L EQL*1920

tDELN(J)= DELN{J)*A(KJ)*X(K) EQL*1930
99 CON'~TINUE EOL*1940

33 TO 101 EIL31 9SO
l00 DELN(J) =X(KK) EGL*19fd)

101 CONTINUE EOL*19RO
A-m3OA= 1. EQL*l 990

SUM = Xtlol) r:QL'O010
IF(SUM.LT.o.) SUM=-UM t0L*?0?n
IFCOLNT.GT*StJm* SIJM=DLNT EOL-?03n
IF(-OLNT.GT.S'j'4) SUI4=-DLNT EGL*2040
DO Q17 j1,tmS EQL0?o~n
IF (IUSE(J).NF'.0) Go TO 917 EOL*2060
IF((EN(J*NPT).GT.0.).AND.OE-LN(J).GT.SUM) SUM DEL'J(J) EOLo?07n
lF((ENCJ9NPT)4.JEo0.) *OR& DELN(J)oLE*Oo) GO TO 917 EOLO0RO
Suij4 = (-9.212-ENLN(J),ENNL)/(0ELN(J)-XUIQ1)) EQL*o;Qn
1i7tSUmj.LT.o.) SU'41=-SUMI ELO*-'I1 0
IF CSu341.LT.A#4RDAII AM8OAI SUMI EOL*P!10

9j7 CON'TINUE 7'OL*712n
IF (SLB.G7.-.1 Am4DA=2/SUM EOL0713n
IF (AmRnflA.LT.AMBDA) AMSDA A'4BDAI EQL*?140
IF (.NOT.IDERUG) GO TO 11i r.OL*7190
dRITE(6?9,?3) TTENN9ENNL9PP9PPLNvAMR0A LQL*?1FA0

q923 FORMAT (3H.OT=9=15.R,6H EN'4=9EIS.B, 71 ENNLzEI5989SH PP29EIS-So EOi.*?17 r0

1 7vi PPLN=EI5.p.8H AM8OA=E1598 I ~L*I~
924 F3RmA%'T(1Ho,18X.2HNT,12x,SMLN NT,8X,9H4OEL LN NI,1oX.4IHi1,RT,9X,4HS0,ý-0QL*720fl

1R912X,6m-Gf/PTq9X#SH-G/RT LL 0 10
*Do -26 J=Iqu reNS2
FVEGI = J-HJ)t*?I

F72=FNEGI EOLOPP40
F( TUSE(J)*.EO.O) FNEG2=FNrG2EN0225nT
WRITE t6,929, SUR(.J,1)sSUB(J,2), EQL*?ZAO

ISU.3ýJ§ 3),v-N(JNPT),ENLN(J)e0ELN(J),I4A(J),S(J),vNEGlFNEG2  EOL0,;17n
9 DR-iAT lIxt3A4e7E1S,6 ) EL 7 ~

976 CON'~TINUE tO0L*??Qn
WRITE (6,110) EQLO?3nn

110 7'ORmAT(1HO) EOL-73in.
r EOL 0 23Pfl
C APPLY CORRECTIONS TO ESTImaTES EQLO?334
C rL?4

11S'J4 = 0.Q.L*7350
7ENVNL = ENNL*AMROA*X(IO1) EGL*23i6o

7N XINX(EL?7
TM= PPL'% - FNNL E.DLoQ?3R

DO 11- j=jNS EQL*7390



12IF (IUSFJj)) 11391129114 71EOLP40.

11 rNLN(J)=ENLN(J)+AMRDADOELN(J) EcOL*74?o
E'VJ cJNPT) = 0. EL22

IF((ENLN(J)-ENNL+SIZE)*LE*De) GO TO 113 EOLP43q
=NJtNPT) = EXP(ENLN(J)) EL?4

S~l'= StJm.EN(JqNPT) EQL*?45n

30 TO 113 EL?6

17 V4 EN(JtNPT) = FN(JvNPT) + AMBDA D ELN(,J) EL002470

1 -3CONTINUE EOLo,4RO

SU'IN =sum EOL*?4Qn

IF (T?) Go TO 115 EQL0'500
T!.N= TLN#AMRDAO0LNTEL?50
TT =EXP(TLN) E473
JS1 = 1
CALL CPHS EL'3

115 IF CLLMT(L)*NE.IE) GO TO j16 EL75

C EQLO?560

C CHECK ON REMOVING IONS EGLO,570

C E0L0 2590

D0 1116 J = l,'JS EQOA590
IF (A(L,J).Ef3.nl,) GO TO 1j16 EQL*?bO0

IF 'El(JvNPT)*GT909)G O16EL6
11j6 CONTINUE EGL*' 620

DO 1118 J=19NS EQL*263,1

IF(A(Ltj).NE.O.) IlUSE(J) -10000 E'IL*64nI 1j8 -CON\TINU'E Qo6n
L = L'1 EQL*?hhfn
I01 = 01-1 EQL0 ?f'70

30 TO 43 W.QL*P6$R0
C EOL076qo

C TEST FOR CONVERGENCE EOL*7700

11-6 TI (ITNUmREQ.O') Go To 13 EQL4k,7;?r.
IF(AýMRIILT.J.) Go TO 43 023

SiM' = ENN-SLP4N)IENN EOL*274r.

IF (SUm.LT~o.) SUM = -SUM EOL*275'-

IF (SUM.GT.0.5E-5) GO TO 43- L?7f
Do 13o ,j=I,Ns ELP7

IF IUSE(J).LT.0) Go To 130 -QL279 --
A A= FELN(j1/SUU.N rQL*ý74--
iF(A.:LT.0.) AA=-AA iOL*?8 or

IF iIUSEr(J).EQ0.0) AA =AA*.EN(JoNPT) EQL*PBI G

129 lF(AA*GT.Oq5F-5; GO TO 43 EOL-PR;'

130 CONTINUE EL?3

C EGL*2 84GC

C CALCULATE ENTROPY, CHECK ON DELTA S FOR SP PR03LEMS EOL*785n

C EOL*?RaIn
SSUM(NPT) = 0. EQLOR8r.

0 A-DO j~l.Ns EOL*78qr,

IF fNPT.EQ.1) 550 SSO + ENCJe1)*S(J) EQL*2R90
ss =S(j) EOLOP900

d F(lLSE(J).E0O.) SS=SS-ENLN(J)-TM EOLO?914g
SSUMCNPT) =SSUM(NPT)*SS*ENiJtNPT) rOL*?9?C

IA3 CONTINUE EOL 0793r6
In j(.N%,T.SP.OP.NJPT.FQ').1 GO To 13 tQL*0 )94r.

SS = bSiJM(NPT) -SO ELP5

IF(SS.LTi(-.n0.0 OS).OR.SS.GT.O.00005) GO TO 43 ELP6
TF(T'0Ep.jG) WJRITE(6#1183) SSEQ*P5

11R3 FORM4iAi(12HOELTA S/R =vE15.S) EOL*29q

13 CONVG= TRUE. EOL*?99n



IF(TT .LT.TLOW*OAR*TT *GT*THIGH)WRITE (6,306$TT ,NPT EQL*3D000
306 FORMAT(17HoTHE TEMPERATURE=El2.t4,26H IS OUT OF RANGE FOR POINT)IS)EQL0vjlo

IF(T7NU.'A.NE*4O GO TO 160 EQL'3O20
WRITE(6,973) ITNNPT JEOL*'O30

97- FORMAT(IHL9I?.69H ITERATIONS DID NOT SATISFY CONVERGENCE REOUIRE4E'EQL*0 404
1NTS FOR THE POINT 15) E(QL*3n5'

atIF (.NOT.j4P.OR.NPT.NE.IOR*NC.EQ*O,ORtTTGT,100*) GTO873 *EQLo'1O60
WRITE (69874) E00-1070
ITT=T(J) EQLu30Rfl

160 EGEC TESTS.::: SATISFIED, TEST CONDENSED SPECIES* 7

160IF(C*E-o)GO TO 143 ELi~

I=(USE(J.-E0,0OR IUSE(J)*EQ.-10000) GO TO 170 EQL*3I70

IF(DERlG)WRITE(6.144)fSIJB(JI),I1,13).TEI4PPJC.V1),7E1P(INC,2J, EOL*31qo

IIUSECJ)gE-N(JtNPT) EL30
144 FOMT(1,O3A4,2FlO.,33X,5HlUSE=,I4,E15.7) EQL*3210

IF(EN(J*NPT)) 146,1489169 EQL'-i2?o
146 lF(J*NE-JSOL -AND* J *NE*JLIQ) GO To 147 ý:0L3230.

7(EgNCJK),np.T.) TO 170

iFTL.D.E0C'4, ~G TO 158 EiQL*137o
K!E18 T = 1 pPh~, EOL0129n
B FIF E(T$ELTEO.T-PIUSP,1)) GO TO 157 EOL*33nn

154 JKG (J,15K) EOL*14Ofl
1 I6F34A (50H09PHAST.eS GOF ATONDNE S1CESAEOU7FORE0 E(QL34~0
C ML EM(ýCI EQL*135n
C v. = NE+KQL*1344
15 lF(T2T.GET.EQTEMELT P2) GO TO 168 toLo3370
TMET (T~EANPP.FeIN L) GO TO 169

IF (T-FLT.LE.TIELT..1Sfl.) GO T TO 157 P003394~
JS'lT (616 tOL0 14c$n

15 3R TO 159H3PAE FACNESDSEISAEOTO RE ErQL*-445,

C JTH SPECIES A SLIDI(ENO0), (J*KG)TH SPECIES A SIOLID (EN IS-* EOL*o3S3O
C EQL0 344n

157 IF (TT.GT.TH.ELT) GO TO 169 EQL*345n
T. %3P.ANfl.TT.FQ-T.'ELT) Go To 169 ErQL*14&n
IF (TP) GO TO 116r, ;QL*3470
IF (TT-LE.TMELT-15n-) GO TO 1165 EQL*145q

JIOL = .JKG EQL*35GA
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JLTQ J EoLQ3600

j%9 TLN =ALOG (TMELTý EnL*~F161
TT TM!T FQL*16?O
EN(jKGNPT) = 5 * EN(JKGtNPT) E SLo IVln
rN(jNPT) =EN(JKGoNPT) EQL*164n
S0 TO 16,5 EQL*365a

C EQL*166n

C 4VIGR"~ PHASE INC.3JnED FOR T INTERVAL9 SWITCH EN E0L03670

1165 EN (Jv NPT) *=EN (JKG*NT E,39
IUSFtJ) = IUS( EQL*17on
IUSE {JKG) = -TUSE(J.<G) EOL0171n
EN(JKGNPT)= n, VQL'*37?ftjG3 TO 4o IEQL*173n

153 IF cTT.LT.TEmPU.NC,1) *ANDoTEMP(INC,1)sNE9TLOW) GO TO 169 E0L*3740
IF (TT,.GT.TEMPLINC#2)) Go TO 169 EQL*375n

C EQL*1760
C EOL*377n

Do 167 1 = 19L EQL*379n
SUM = SUiM * A(IJIOX{I) E0LovAoo

167 CONTINUE EOLOIR1n
DELF =H0(J)-S(Jl)-l;UM -EOL*3R?n
IFL7OEBUG) WQITt(6,168)-OELFSIZEF EGOL@A3fl

169 FORMAT~ (17H Go-.SUtIAJ*PI) =E15*7hloX,1BHPREV13US DELTA G z9El5*7)EQL*394r
2iF(DELF.GE-SIZEF *OR* DELF*GE.O.) GO-TO 169E015
SIZEF = DELF EQL*1860
JflEi-F =i- EQL*IR'7n

i69 IF(INC.EQ,NC) GO TO 1160 EQL*38Q(P
170 CONTINUF I EOL0 ~gt

1160 IF (SIZEF.EO.0.) Go TO 143 QL30
J= JOELF 70!.0191 n

165 101 = 101 1 EI*1?
166 TUSE¶JJ = T USE(J) E0L*1 93fl

40*NG=FALSE.' EQL*1i',40
IF(NPT.Eo,l) SS50=0. EQOL395o

WRITE(69771)NPTt(X(IL),IL=1,u,*TN

71FO4MAT (31F.)EL40
ITNUM3 = ITN EL41

IF(TP-A%.O.CONVG) CL PSEOL*4tV1n
G0 TO 43 EQL_*404n

EQ*45
C CALCULATE EQUILIBRIUM PROPERTIES c0L*4nf6n

C EOL*407fl
1171 DLR(NT EQL*40SO

DLVTP(PT) =EOL0 4 0lA
CP NT'= C?.SUM iENXI1 EQL*41nn

GO TGJL0EOO GOTO9q EOL*4!li

17 "OqTTUtjOr EQL*41 S(

H.SUa.{NPT) I4SUm(NFT)*EN(JLIONPT)@(HO(JLIQ)..140(JSOL)) EGL*419(
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l-n. = T 1*1EOL04?10

'.mmASCvPT) = -1/flLVPTCNPT) ErL*4? 2

-zqMsZPT = -I.,(DLVPT(NPT)(O)LVTP(NPT)**2)*-N4I/CPR(NPT)) EOL*4?30

IR6 TTTC.\97) = TT Eol.-42:3r,
Dpp:,N~r) = Pp EQL04260

-PZ \ 3)= cpstJJm EL4~? 7
qlSULmiXPT) = H4StIM(NPT)*ITT C-'

203 TIF ;.N0T.TD~EtJC.3) RFTURN EQL*4330

lp(SP) PRATTO=PP/'tI)
A'~TE(.2Oi) PT,'~A!OPP,TT,HSUMNPT,,SSUMLNPT),WM(NPT),CPP(NPEQL*43

2 0

2n 0Fok.i '(7HOPOtTN I3 ,3X,4HPCP=El3 @6,3x,2HP=E13. 3X.2T=El363,HE14

2 ==1 3.oc3X,6HnLvTP=E13e6,3X,
9HGAMMA(S)=E13I6  EQL*43?o

:1 3 ~0 ~OOEQL 0438n

;:RiR SET TT=6 EnL04393
EQL*44;00

673 T-~*tQ*4,

%VPT = NPT-1 EQL*44?n

~c6 END' EQL*4440
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SUAROUTINE e.PHS CPH*0000

C CALCULATES THERmOflYNAMIC PROPERTIES FOR INDIVI!)UAL SPECT-F 
CPH*00lo

C 
-PH0on?n

COMMO-N/MISC/FNN.Su,4.-.T,TriATOM3,10)LM(S1o59RPl
2  CPH*OOsO

1 ,TmTLOWTMTnTHIAHoPPCPSUMOFEORATFPCtR9;RHSURO9AC-(2-) 
Am(2)C4c-*0060

2 ,ip4P( 2).RNO(7),VMTN(2-),VPLS(2),WP(2),oATA(2
2?)NAME(lS9S) CPHm'007n

3 ,ANUM(15,B),P;7CWT(15)*ENTHi(15)gFAZ(15)gRTEmP(1l5),FOX(15)-lr[ENS(15)CPH*IORn
4 ,R.q0PtRMW(lS5).TLN 

CPHlk1vO9G

CO'4MONINflXt TnEBU(,CONVG,TP,HP,SP,HPSP,TPSP.MDLES,N0,NT,NPT,NLH CPH4*1flan

1 ,.NSKMAT.IMATIQ1 ,IQ2gN0MITTPNEWRNSURNSU2,ITNCPCVFRCPCVEO 
CPH*-,T11.)

2 ,IONSNCNSERTJSOLsJLIOKASENREACICOJS19VOL-SHOCK 
CHOh

E.:QUIVALENCE iJ*JSI) CHP4

C 
Cp~on~iso

K = 1 
CPH*,)1An(

IF(TT.LE*TMID)K = 2CPH*tr17n
'K = 

CPH~flo

CPSUMO * 
CPII*0140

g0 IFr(COEF(K,1,J).NEefl.)GO To 97 CPH*n2on

IF (IUSE(J)*LT.0) GO TO 100 
cpH*n21 0

=K K 
CPH*022n

K( CPH~n23n
IF (KK.EO.1) K = 2 

CPHO1241O
97 Scj.) = (c.(CCCOF(K,5,J)/4 )*TT* CO7EFCKt49J)/3.)*TT. COEF(K*3oJ)/2.-CpH~a?'i

i)* TT+COEF(Ko.3,J))OTT* COEF(KTIJ)*TLN + COEFCK979J)

p40(j) = (((c0EF(K959J)/5.!*TT* COEFCK*4,j)/
4 9)*TT* COEF(K93-9J)/3.CPHN't)??r

1 ) *TT* COEFCK*2,.J)/29)GTT4 COEF(K#19J) * Ct)EFC-K,6-J)/TT ',PH~n?*k

rpsum= cpsum#(("CnEFtK95,J)*TT+ COEF(K,49J))*T8 COEF(K,3,J))*TT CPM1f1r2c=-

1 + COEF(K,?,J))*TT+ COEFCKolJ))*EN(JgNPTI J*i=,(

17 (KA(.EO.0) Go TO 100 CPi~en3l1n

K= ii( 
cp~i*320

lo 'lFCJzE0*NS) Go TO 200 
SZi4* n 3 4 i

j=j.1 
CpPH", 3cio

'3 TO 90 
CPH*-ft36 ()

200 RETURN 
CPH~n 37 n

END 
CPH"-3 1B
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SUBROUTINE MATRIXX'..0o

C iATO000io
C '4ATno~o0DOIJRLE PRECISION G*X '4ATOnO3O

C LOGICAL HP*SP.TP. IDE8UUCONVGNPW; '¶AT* 0 0~4C
C ~MATQflO5o

COA1MON/POTN'bS/H.SUM(13),SSUM(13),ZPR(13),DLVTP(13),OLVPT(1
3) 'IATOOo%6

2.,TOTN(13) MATO0C)Af
Cfl4MON/SPECES/COEF(2,7.15n)9S(15 soE4ISCl3(t7NLN(lSO),MO(150) 'iAT00flQ1 ,DELN15O),Ac15.O91SUB150,3! ýlsE(; "ta),TEmt;(50,2, MAT*Gl0a
COMNMS/N*UNTSTM3 itLLMT(1S)saofl5) ,RoPtlS,2) 4AT'flhln
1 ,TMITLOW.TMTnTHIrHPPOCPSUM90FEQRAT,:7PCTRO.AHSU;0,AC(a) .A.(2) MAT*nl17o
2 9HP2tH()VT()VL(2vP2,A42)NM(55 'AT00130

4 ,RqG.PqRM4QS1),TLN 4T05
COMMO /DOURLE/ G(?0921), X(20) bIAT*nlfin
COi*¶ON/INDX/ InEWRoco.NVGTPsHPSPHPSPT, SPPM3,ES.NPNT,:ýOTNLM 'IAT*nlhlO
1 9-NS9KMAT91MAT.I011,2,NOMITTPNEWRNSUBNCýUP.ITNoCPAVp%...ýPCVEO '4AT~n13O2 IONS,NC,NSERTtJSOLJLIG,KASE,NREAClCtJS1'v-OL9SOK~A~l;

C 4ATGA2no
E-QUIVALENC'E CL#NLM) MATgnfl2

r MfAT*o?2n
T02 =101. * 4ATon23fl
1443 =1.12 + 1 '4ATC0240
'(MAT = 103 '1ATo*n25n
IF(.NDT.CONVG.AND.TP) KMAT IQ2 A~)?,f
T'4AT =KMAT -I MATOOT0

C MAT~n2Rn
C CLEAR MATRIX STORAGES TO ZERO MToQ

C 4AT~ n30o
DO 211 I=1,ImAT M1AT*, 3 1 (
0O '211 K~i*K'AT An3n
GCIK)= 0.0D0 MzT*n330

2i1 CONTINUE 4A T* go3 .

Hsu'4(NPT) = 0. M~16

C BEGIN SET UP OF ITERATION MATRIX
C MtATL!:?

'(K = L ' ~:r-
DO 68 J=1.NS %44T*04*,
-!= nJ)*EN(J.,NPT) MATov)4?o
IF (IUSECJ)) 65911-70 MiAT 0 n43fl

i1 F (I1O(J)-S(J).ENLN(J),Tm)*EN(JNPT) M1ATO,^440
SS H- qAT~fl45n
TER41 =H4T0
IF (KMA- -EQ. 102) TERMI a F MAT00470
DO 55 1 = 1, L M~nAc 'IAT'n4Qn

C CALCULATE THE ELEmENTS P(19K) %4AT*fl~0o
C 'IAT~nfl~n

i;* WAi,J) F'3. ().) GO TO 55 MTf:;,
TERM= A(T 9J)*ENCJNPT) 1iAT 0AS~fl

5K=TL 4ATOOS4n
3("(O)= G(I#K) * A(Ktj)*T=RM '4aT~n55n

15 ZO':T!%UE MzT*n:56f
C 'IAT~o57f.

G(I9IQ2)=GcI,I02;*4A Ij)OTERM1 MAToo590
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MIAT 060 ts

7F ZC;LN-3 v0R.TP) G0 TO ES 
4IAT06] 0

S(I.Q3)ns~l~Q3)*(IvJ*F AT*0629

!F czP: -,(102*1) G(42I 'AJ'.~S'AT~0010

sr , Vi I N'LE 4AT~fl640

Ii~.yo-~H ) rr TO 64 4AT*0650

A('211 
M 

~12I1 S'AT 
n6 70

-t102tln3) = 1IQ2-IQ3)*(S(J) ENLN tj).TH)O 
'4AT*06 90

Su TO 6? 
M4AT 00700

(CoNvG) 6n To 64 
'¶)F AT~0hI 0

G (12 9! (' 3 =G 10 9 1)3)*HO4AT*0730
A2 c c -ils 1c-13 =G( .l 9103)+F AT~o74r)

GO TO 155
C ~4AT*0760

OImrDmSErO SP,:CIES ~A407
'IAT0n7Rn

D0 75 7 19L ~4AT4'0~00

3)(I.KMA) GITOy 'IKH&T) -A(7*j)*EN(j.IJPT) 

'4AT*0920

75 CONTINUE 
iT03

G(-,,l2 Hr0!j) 
4ATfl84n

GtKt~m!T) HOW() - S(J) 
%IAT*0Bc50

ISU;4(NPT HSIJH(NPT)* TH 
AAT*nR60

IF(.NOT.Sp) Go TO 65 
AtAT*oV67f

SSS = S¶S ' S(Jlc'EN(JiNPT) 
'4AT-nRRI0

3 T '' K) Sc(i: 
'tATOO69n

65 O'? 
AT ' lff

wiJ4(NF'%T, HSLP4( fNPT) + G(IQl,102) 
M~AT*n9?n

6%1019IQ1) SUMN - N 
AT"90~3

c A EN 
AT~n940

C R7EFLECT SYMMETQ.IC PORTIONS OF 
THE MATRIX 

'VAT00950

ISYM = TO! ~4AT*n370
Tr(HP.OR.COHVG) ISym=IQ2 

Aoq:

30 102 !=1,Isym 
'44T0 0';;

~o iO J~,SYM 4AT 0 1000

Gf,? CONTINUE 
4~ATOIC20

C lr2CN4N;: 
AT*1030

C %C,'3ALETE THE RIGHT HAND SIDE 
'4AT01 040

C 
~4ATO1 

030

IF(C0"VG) GO TO 175 
'IAT9* 060

--0 14
5 T~i.L 

4iAT*',070

- e(jKm4AT) = c3(19KtAT)*X(1) 
%4AT1 090

145 CONTINUrE 
'AT*1100

G(I101KMATI = GcIGl,KMAT)4ENN-SUM*W 
~4AT*1110

C 
MAT61120

1 cO-.PLETE ENERGY Row AND TEMPERATURE COLUMN V.AT@1130

C 
4AT01 14

-N (0~T.O T02) G0 To 185 
v.AT@1 150

:~(SP)E?~RGY = S0 +E-NN-SU!-N - S.S vAT~il160

.F -.P :.ERGY=HSU8O/TT - HSUY.(NPI) 
'A17

G(:12* 7 3)=G(IO?29lo 3 )* ENERGY 
4iAT011S0

175 G(I029IQ21= GCIO2,102)*CPSUM 
'4A*1190
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1A5 RETURN 4AT0120•
ENID 4AT*1210

II



SSUdROUTINE mG&USO 79 AUOO000
C GAU*n00l

C SOLVE ANY LINEAR SET OF Up To 20 EQUATIONS 3AUfl02fla'DOURLE PRECISION qeXvCOEFX(20)tSUM*Z GAUn04O
c GAU*A050

I N3.KMAT,IMA,'O*QI102,NOMITIPNEWRNSUBgt4SUti'TNCPCVFRCPCVEO GAUO00Ofl
2 IflNSNCNSERT.J!SOLJLIGKASE,#IREACICJSJVO,.SH0CK GAU*n090

C GAU*010t)
EQUIVALENCE (IUSE,IMAT) GAU00Ull

c GAU~nl12011 ~DATA BIGNO/lA.E,38, AIAL GAU*0130

C GAU~l4O16

IUSEl=,4USE41 GALUfl170
6 D0 45 NN=11PIUSE S4IJOO1R

IF (NN.IUSE; R.83.R 3AUJOIQO
83 IFCG(NNtNN))31,2:,,31 GAU*A 200

C SAU*021 0
C SEARCH FOR MAXIMUM COEFFICIENT IN EACH ROW SAU0n220
C SAU*0230

8 00 18 I=NNIUSE 60004 02A
COEFX(I) = RIGNO GAII.102511

SIF(GCI.NN),EO.8.) Go TO isGA*06

DO 10 J=NNIUSE1 GAUn2!30
SUM = G(I,J) G3AUJ0290
IF(SUM.LT~o*. SUm=*.Sum SAU~n3AG

~ I FCJ*NE*NN) Go To 9 GaIJ*031ln

9 IF(SUM.GT-COEFX(I)) COEFX(I)3SUM SAU0o340
10 CONTINUE 54UoO3SO

COEFACD) COEFX(I)/Z GAU0036c
19 CONTINUE GAUOn37O

TfEMP =RIGNO GAU*03RO
1=0 GAU'o340

20 00 22 J=NNIUSF GAU*0400
IF !COEVX(J,-TEMP) .87,22,22 OAU*04ln

I =J GAU00430

22 CONTINUE GAU*0440
IF(I) 2R.2392e GAUOAS'I6

c GAU*04fin
C INnEX I LOCAIES EQUATION TO BE USED FOR ELI'41NkTING THE NTH GAUOOA4r)
C VARIABLE FROM THE REMAINING EQUATIONS SUn4

c INTERCHANGE EQUATIONS I AND NN GAU*j5na
C 5"^U 4OSIA

?8 IFINN-1fl 29931*29 GAU'fl520
29 DO 30 J=NNtIUSEI GAU40530

Z=S(I.j) GAU*0540
S(IeJ)=G(NN,J) GAU00550
G(NN*J)=Z GAU*fl56t)

30 CONTINUE GAU*0 S70
C GAU~nSRO
C DIVIDE NTH ROW BY NTH4 DIAGONAL ELEM4ENT AND ELIAINATE THE NTH SAU*OS9O



C VAR~IABLE FROM THE QEI4AINING EQUATIONS iGAU'O6O0

31 K= NN+ 1GAU~n620
D3 36 J =Kt UE GU03

IF(GtNN*NN).EQO.) GO TO 23 GAU*0640
Gta4NtJ) =G(NN9J) / G(NNNN) GAU*0650

36 CONTINUE GAU0fl66t,
IF('(-IUSEI) BR,45,88 GAU*06?0

SS D 44 = KIUSEGAU*06~n

Gt L; (Iqj) - G(IVNI4).G(NNtj) GAU'o-o~n

44 CONTINUF GAU*071I0

45CONTINUE GU02
C GAIJ*0730

c ACKSOL'JE FOR THE VARIABLES GiU*4740
GAUoo75o

K aIUSE GAU 0o76n

X =K 0.000 GAUOO7Rn

SUM~, 2 S AUon790

IFCIUSE .J) 51 4 ,' AUOBDOO
48 DO 150 1 JTAGUnl

SO CONTINUF AEn~
Si X(K) 2GcKIUSEl) SUM GAU*0840

K aK tI GAU~n8Sr
IF (K) 47.151,47 GAU0n860

23 IUSE = IUSE-i GAU.087a

151 RETURN GAU0RI8O
END SAU*0890

rk



SU~3AOUT INE VARF#4T V,NDT) VAPoO0flO

c VAR*Onl~n
DIMENSION V(13) VAR'0O20

COMa4ON/OUPT/FMT(301,FP(4),FT(4),FH(4),VS(4),FM(4).FV(4),FtC(4) VAR*0040
1 vC(4) VG(4) ,Fi~,MT13,P1,F2,F3,F4,F5,7L(4) ,V4T19.FA1,PA2 VAR003q0

2 ,FR1.FC1,FN(4),PQ(4),FA(4).FII(&)(FMT9XvFO VAQ*n060
C 'IAR*007fl

00 45 I=).NPT VROR
= 7i*143 VRA9

Fm~TtK) = 4 VAROA1Of
IF (V(I).GE.10.) FmT(K = F3 VAR*Olln
IF (V(I).GE.100.) FMT(K) F 2 VAR*0120
IF CV(I)*GE.1oooO.1FMT(K% F1 VAR*A130

IF (VCI)-GE.IOOOC0tJ.) FiMT:K) FOP VAR~o15O
45 CONTINUE VAR.(S 16

RETRNVAR*o I 7L
END A01t



REAL MIX(R0 ) DUT*o 03
LOGICAL EQL*FlXOZ 9TP9HP9SPtHPSP9TPSPsMOLES OUTOO 040

C DIJToaO5n
DIMIENSION NV(13),ZZIO;3).IHEAD(ISi.YX(5)sYNCS) OUT'nrjbn
DIMENSION SIEGELC30)tCONCKICI0,30) OUT0O070

COMMKON/POTNTS/mSUM(13),SStJM(13),CPR(13),OLVTP(13ho0LVPT(13) OUT0 00qn
1 ,(AMMAS(13),P(2t)AT(26)tVC13)sPFPC13),W14113),SONVELt131;TTTf.13) OUT~nlO1o
2 ,TOTN(13) OUTonhlln
COMjMON/SPECE-S/COEF(2,7,15O)tS(150).EIJ(150,13hErNLN(15O),KO(15O) OuT* 0120
1 ,DELN(150)vA(1591SO)tSUB(15093)tIUSE(150)oTEIAP(5092) OUT*0130
ClOItiONMISCENNSU.4N,TT,So,ATOI4(3,101),LLI4T(15),8O15,,980P(1592, OyTm0140

F, I 1 ,TmITLOWTmIo.TnIGKPP9,cPSUMOpEORAT*FPCTRRROHSUBOOACc2),A4(2)OuTeOOIS

f4 9RH6PvRMW(15)'tTLfd OtO UT9(,1 9
COM4MON /DOUJBLE/ 6(20,21)t 10 OT69
CO4IMON/INoX/ IDERUGCbNVG, TPtmPSP,HPSPTPS~,Iq3LES.ND,NTNPT.N~m 0UT*0200
1 NS.KMAT.IMAT,IQI,!Q2,NOI4IT,lPNEWR,NSUB,NSU2,ITN,CPCVFRCPCvEO 0 UT*0210

2 2,IONS.NC.NSERTtJS0L,,.LlQKASENREAC;ICtJS1:VCPL:SHOCK OT

I ,FC(4)aFG(4),FBFMT13,FlF2,F3,F4,FSFL(4),FAT19,FA1,VA2 OUTO?60i
2 tFR1,FCIVN(4),pR(i),FA(4),pIc4).F14T9XFo OUT~n270
C0I4MON/ShIEW/RONvINDFA OUTon2Iao
CO!4ION/EQNEW/Ri(3094O),R6(3O,4n),EK1(3O,40),EK2('JO.40,RO14(30,40),OuTofl29O

1CH2(30.40) .ATT(13,40) ,F(40),PHI (40o) ,8N1(30940) ,BCON2 (30.o*n).8C0N0UT
0
03o0

26(30940) CNV(ZH)I8B)OUT* 0310

C OUT*03?0
EQUIVALENCEA4 (VN)(A2,#H03),SX,7.,133,xIvF.2Fq OUT.0350

C OUT*nfl3O
hk DATA HEAD,'4H(lH 94Hv2A492H#S,4H(A2.,4HF8*5 94H*3X),214,5 s2HXv OuTon370

1 #414F7.5 *4m*F13 *4H.3,4 94HxvA1 94H9FlU *44.2*r #4H49,4)/ OUT*03R1)
DATA FUEL/4HFUEL/,OXIO/4HKoID/,ANT/3iKANT/,,OX/1q(O,,Z/,Koo; OLIT.039fl
1 9YN/2H919 214,2* 2H#.31 2H*4. 2H95 /tF7S/4.(F7*5/ OLITon4O
2 .YX/3,3457.3H,44,3H.31,38,lB,2H.5 /9F73/44F7,3/ OUT40410
OATIA(SIEGEL(I).I=Z.30)/4HC(S).4H .414 94MCO #4 9414 v40A2

114C02 14H1 ,4H .4HH1 94Hl 9414 94HN4 94H 0414 s4HU0UT'43r
3 414 4t 94N.N20 t414 94H4 94H0 944 s44 t4-.02 9OUT*044n

34H 4H 4HOH94H s4HOuT*0450
OUT.04fin

IF(KASE.NE.O) WRITE (693) KASE OUT*0470r
3 Fm.Q4mAT (9'i CASE NO- .15) OUT*04SO

TF(*-NOT-MOLES) WRITrE(695) OUT~n49q
5 FORM4AT (77Xt46wWT 'FRACTION ENTHALPY STATE TE4qP DENSITY/ OuT~nson
1 10~,1iHCHEMICAL F0RP4ULA#51Xv2l1H(SEE NOTE) CALIIOL,1DK,510EG Kq0UT*nSIo
2 4HG/CC 4X OUT*oS2n

IF(MOLFS) WRITF(6,6) OUT'n53O
6 rFR4AT (79X,51.4,OLES,7X, 33HENTI4ALPY STATE TE~4P OE.%SITY/ OUT*054n
1 1.0Xs16XHCNV4vC4L FOR34ULA.66X,7HCAL/14OL;lgX,13H3EG K 6/CC ) 005
30 15 N=19NREAC DUT0 05fin

TF(FOX(N).NE.OX)GO TO 10 0LJT@0571n

v n x70M 
no

K ~ - H02-= = AN -u~n9
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GO TO 11 OUT0n6 on

In 'HDI = FUEL OuT~of,10
q2= F0 UT06?0

11 00 13 J=1,5 OuT*0630

IF(?JAMECNj).EO.IZ.OR.NAME(Nj).EQeI8) G0 TO 14 OU7*n6in
13 CONTINUE OUT*0650

J=6 OUT*o66a
j4 J=J-1 OUT~fl670

.IEAO (3) =YN(J) OuT*06RO
qEA0 (7) =Yx (J) OUTfl640

'4EAD(91 = F79 OUT~ 0700

IF(PECwT(N)-,GF.10*) HEAD(9)=F73 OUT~o7] 0

WRITE (6e1.EAD)i401'HO2, (NAME (NJJ) wANUM(N.JJ) gJJS1,j) ,PECWT(N),ENTH(OUT*0720
1IJ)l FAZ (N) ,RTE4P (N) ,OENS(N) OUT*073n

j5 CONTINUJE OUT*O740
FPC =100./(1..OF) OtjT0O750
WtRITE(6,20-) OF FPPC,EQRAToRROP OT06

20 FORMAT (1H0,1SX9 4W0/F.t F9*4,3Xt13HPERCENT FUELvF8*4,4X9 0UT*077o
1 I9HEouIVALENCE RATIOz 9F7*4,4Xi9HDENSITYaF8*4//) OUT*07Rn

C OUT~n790
AGV =9,80665. OUT~nsoo

RETURN OUT~n~1o

C OUTOOB20
ENTRY OUT? OUT~n930

C DUT'n840
C PRESSURE OUT~o85o
C OUT~oRfin

FMT(41= FM7(6) OUT*08?0
CALL VARFMT (PPP ,NPT) OUT. 0880

WRITE (6,FmT)(FP(1),1=1,4),(PPF(J),JZ1,NPT) OuT~o8os41 OUT~ngoo
C TtEmPERATURE OUT0O910

C OLITer 9-7t

4JV(!)= TTT(I)*.. OLJT*0940

65 CONTINUE O T~o 960
FmIT14)= FMT13 OTq6

FM4T(S)a FMT19 ZUTOO 970
WRITE (6.FMT) (FT(1,91=l4),(NV(J9#jx1,NPT) 3uT*09p

C OTP9

C ENTHALPY OUTI 000
C OUT*1 o1

DO 75 I11,NPT OuT*1O?n
V(I) =HSUM(I) 0R OUTOI03o

75 CONTINUE OUT01040
;7mT(5= Fa UT01 o5o

F'4Tt7)= Fi OUT*1060
WRITE (6,FMT) (P8(I) ,1=,t), (V(J) .Jx1,NPT) OUT*loTO

C OUTI0104
C ENTROPY OUT*109o

C OtJT*llno
FMT CI)=F4 OuTi 110
DO 78 I 1*NPT 0UT*fl?o
V(I) =SSUM(I) * R OuT*1130

78 CONTINUE OuT*1140
WRITE (A.FMT)(FSCI).l1,4),('V(J).J31.N*PT) OUT9lISO

WRITE (6980) 0000 ,16n
qo FORM4AT (IH] OUT*117n

C OuT*l1s0

C MOLECULAR WEIGHT 0uT*1190
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F)4T()w P3OUTI 200

C WRITE (6.FMT) (FM(I)91u1.4.#(WMIJ),JzlNPT) OUT*122n
C OUT*1220

C (OLV/OLP)T OT 3
C ~OUT.*240

C ~OUT.1 270

C OUT*1260

IF(EQL) WRITE(6,FMT) (FD(I)tI=1,4),(DLVPTp(),Ja,1,NPT) OUT*1270
C 3UT'1328

C (DVDTpOUT'i 340
00 85 iNPTOUT01350

VM(I)z F4R~ OUT*1310

85 CTIFUEQ wTE6FT(DII14)DLT(oalP) OUT'1320
OUT'133~0

C HEAT CA PACIT OUT013400
C OUT*1'15)

OUT.1380
C WRITE-(6,FmT)CFocx)91=194),(VAMMASJ),Jl,NPT) OUT*1 390

C SOAC VLOCI) OUT'I 440
C QUT01410

DO9C .P OUT'1 470
SONVELCIFm) 2 FG(I)R*C.AMM GAAS(I*TT()/WM(!)P) 0UT*14 30

OUT41 Sin
c oi ETURN ~ OUT*1520

C OUT*146o
FMTt7Y FlT OUT'154o

DO 395I 1 2INPT OUT*1560

SONV308 K a 1,SO T R GA M S I T T() W I ) OUT*14B0

395 CONiTINUE OT1o
CR T ( t M ) F 'I t s $4 , S N E ( ~ ~ I N T OUT*1510
C ROETURNCIN QIIRU OUT.; 620

C OUT'1 630ENTRY (6,80 OUT*1640
r4T(#N7) L 60TO33 OUT*1 650
DOIT 3 69 31 * J, P UT*1560

31 DFPATA(1)OML a RCIN 0,) OUT.167o
DO 3308 K a INS OT18
DAT(I) =NK7 DATA (I) ENK OUT01500

315 CONITINUE OUT *1710
0036CP OUT01 720

3C IOEFRCIN (I)E.5EQUILIGOROI32 OUT*1730
COTIU OUT*1640

3OWRITE (6 ,8n U(~)SU(,)SBK3,F~vIfP) OUT'1 650
33 FCgTI(J)E FSUT41670
33 WRITE(6,310) OUT*167B

-0 30 K=9NSOUT' 1 79



335 F3Rm4ATcIl8H0AnOI)TIONAL PRODUCTS WKICH WERE CONSIDERED BUT WHOSE MOOUT*1900

ILE FtKAcTIONS WERE LESS THAN *000005 FOR ALL ASSIGNED CONDITIONS//hOuT*1Rln
LIN~r 0 OUT~1'k?0
TvN= OUT*i1 3n

IF(FQL) NN~rPT OUT*1 R4.

DO 350 K=1.NS OUT*1 850

D0 340 I=19NN OUT*1860~

IF ((EN(K,Il/OATA(T)).GE*%(5#E-6) GO TO 343 OUT'1870

340 CONTINUE DUT'I 8A(
LINE = L TN E-# OuT*i Bgo
ZILINF -)= SUfS(Ktll OUT01i900

Z(LINE92)= SUR(K*2) OUT01910
Z(LINEs3J= SUR(K93) 0UT019?o

343 IF ((LINE.NE.16) .A-D. K.NE*NS) GO TO 350 OUTi 930
IF (LINE.EO.0) GO TO 1000 OuT*i94o
wRiTE(6,345) (2(LN,1),Z(LN,2),Z(LN,3),LNr1.LINE-) OuT*Ii95O

345 rnj-a~T (1OC1X,3A4)) OUT0196fl

LINE= 0 OUT*1970

350 CONTINUE OUT01 98o

!F(*NOT*MOLES) WRITEC6r360) OUT0I gqQ

360 FOR,4ATC78HONOTE. WEIGHT FRACTION OF FUEL IN TOTAL, FUELS AND OF OXIOuT.?o0fl
-2DANT IN TOTAL oxIDANTS )OUT*201n

1000 lCONTINUE OUT*?0?fl
00 3000 1 =1,16 OuT*2030
11 t- 3l'I - 2 0uT*2040

00 2000 K =19NS OUTO?050
IP{SIEGEL(II).N4E.SlJ8CK,1)) GO TO 2000 OUT*206o
IF(SIEGEL(II*1)*NE.SU8(K92)) GM TO 2000 OuT*2070
IF(SIEGEL(II,2).NE.SU3(.(,3)) Go TO 2000 OuT*n0R0
DO 1503 J =19%07 0UT*709n

1500 CD.'CKICItj) = N(Ktj)/OATA(J) OUT02-100
GO TO 3000 OUTO?11o

2000 CONTINUE OUT~p120
3000 CONTINUE OuTOP71-?

C*** 0uT*?14n

c*** 'JoTE-e-FOR KORE THAN NPT=6,THESE PRINT STATEME'4TS MUST BE MOOIFIEQDUT*7i5o
C****0UT*?160

DO 5000 K=1#10 0UTo717n
11 = 3oK - 2 OuTQP_18o
WRITE(694000) SIEGE-LCII),sIEGELCII41),SIEGEL(II'2),(CONCKI(K9j)9J=OUT*Pi90

ll,NvpT) -OuT*?Znn

40nO 0 ~RHAT(1X,3A492X96(E15*BiX)! DUT*ýý210

5000 CONTINUE OUT*?22n
m;RITE(6.,ý000) (WMC.JhJ =1.NPT) OTP1

600)0 FO3I.AT(IIH MOLEC- WT.,4X96(E1Sa8w1X)) U*24
WRITý(697000) (TTYIJ)tJ=1,NPT) OUT22?50

7000 7ORMAT(9H TEMP.(K)96Xv6(ElS*8,IX) OUT*P?60
iORITE(6*8000) CPFP(J)*J1,*NPT) 0UT*2270

8000 FoRmAT t12H PRESS. {ATM) ,3X,6(E15.8.!X)) OT2R
wRITZ(6*9000) RON OUT*2290

9000 FOR4RAI(14H FUEL AIR RAT.,iXElS.B) OUT*:1300

Do 9600 N =19NREAC OUT*?31 0
WRITE(6*9500) (AN4UM(NJJ) ,IJlS5).EN'TH(N),RTEM{ýN) OuT0,320

9500 F0R~4*TQlX,7E-15.8) OUT*2330
9600 CONTINUE OuT*234n

LALL ;iATES(CONCKIVM.T'TTPPPANUMENTHsRTEMPNPTNREAC) OUT*713$O

9999 RETURN OUT*236o
END OUT'2370



SU.6R0UTINE RATES(CnNCKIsWmTTTIPPPoANU,..~REP, ~tR 86 ao00
REAL MIX(50)RA*0l
DIMENSION COCTl9O9T(3tP(3t,41)AU( 

9)ET~5RTo~19RTEMP(1S) 
A03

CO'4MON/SNEW/R0N, INfFA 
RAT*10 605COS4MON/nICK/HTX 
RT07CO0U4CN/EQNEW/Rji

3o,*O) *Rf(30940) 'EKI( 30,40) jK2 3 04 0) RH(040ATno0o7

26(3t)940) 
RAT~o1Or

tPIN 0 *1*4 AT~OniloIF(HI*13/IST. 1).EQ.O.O)/IP ,yNTO.0,~O/ti)116/.3E0 ,RTo
C O O * * 

RA T P0 1 40C * TSET FORES WRIE L OOP O 
A~o~DO** 800Ri~ ,PATO2?0o

IST =INDFARAT.023
0IPPIN = 6 AT*a24flCA(LCULATE1*G00 CRINCEITRATIONS9

co***RAT* 
02 00C* CO* ET PRSSUR LOOP'I(, 

RaT*o2jo
~CON6 JIS~~ C NCKI 6,J)RAT*eI2qO

DO 1000 J a 1.10RA~a3
C**COALCLT OCENJITRATIONS 

RAT~pptJ,,82 n2.TT()C**** 
RATn31 0 o

10')CONTJiTST = 
-CIIj RAT*0327

C.*.COMPUTE T RAT CONSTANTS 
R~a~q

EiCO 6(jo ST) = CO ý KI( 9J)RA'T~fl3S00 1000C 1 a = 1,10R 
T 0

2000 CONTINUE 
RT02

RlJIS)*RT*1.9STC*JCC 
RATOL)420COMPUITE AT c3NSATENTS S)*OMMSJIS)C.M 
RATn0340C** JIST 
RRA 

3JIS)COMM(.JS)40MCS4JS)
DO 200P =196 

RAT'0460oCACUA7KTEJTT ARTEK(69ITý1)ENr)*c #cL8,J4C(s/fCO~7E-CMT TJRAT*0480OR i ) 
A T " 0 0 3 8206o CONTINUEO00ADR(,T)EOO)E1JIr 

1.*3 RAT'o5ogtC****iE..0AoR~JIT)QO 
GOT 20 AT*o5on

QKj9jIST) a (R&TE(ljdS)/R(JS T ),R3C(5j*IST)*C))ttjlTIRA'o325502!~Cj#IsT) = (o.TEKA2oj.RSTJIs, E~mm(oolS) E'vm2(4.IStj) s) RA.E.5 T*0440
R*t-----=---TE(4'JI-'''o.tCM.0JvIS) 

GO TCM2750 lS) RAT*0460EKVJ'IST; (RATE(SJIST)/(4(JlsT.RCMJ,IST),)VCM7J~S) 
RAT*04S?0

Coo** 17 (Pi)*.)180-TT(i 
RAT*0 494



-C4****,VOTE...FUEL CARD IS PHYSICALLY BEFORE OXIDANT CARD IN INPUT,OXYGENRAT-160fl
C** IS SECONDI SPECIE SPECIFIED IN OXIDANT AIRFUEL IS SPECiFTED C-At RAT'nlnf
C@**j* 'i-6 RAT*D620

liNUMlJ',2),/4.f)W RAT*n650
OsI(IST) = RON/EKS RAT*06F50

FCii 'sT). = P ~(C T WT)*rS/lg(l.H12.4ýRATWS))*(MJ5O/RO,.).CNRAT*n72o

C*Ot ICALULTE CONCENTRATICON OF C2 RA.J))
IC**** RAT-0700

C*** STOPE VALUES OF TRAT~n75n

-ATT(JvIST) = T;TT(J) RAT'0770
8000a~ CONTINUE RAT0ATRO

CAi*. PRINT ýAND PUNCH OUTPUT RAT*OI3q0-I** RAT-t)Ftl 0
IFCIPRINT.EQ.0) Go To 9999 RATOOB2o
.10 950C J = I.NPT RAT0AS30

I- Do QO000 I =19*ST RAT0OB4O
1IF(I.NE.1) GO TO 8500 RTns

'IRITE(AS81001 ANUM(I,1),ANUM(1.a),RTEI4P(2),PPP(J),ICODEEKS RAT 4ORg6n
gRITE(7,8100)IANLJM(Igl),ANUM(1,2ý),PTEMP(2),PPP(J),ICODE,)EKS RAT*A870

8100 FOR?4ATfjX,?HFUEL= CvEl5e8vlHH9ElS.8,1BH INLET AIR Ts,(K)a 9ETI5*8/1XRAT~fl880
Jqj3HPRtSS-(ATM)= 9EI5*897HICODE= *I2913H'PHI ST31CK.w tEl5.8) RAT0OB9O

8500 WRITEC6,8200) F7CI),PHI(I),ROH(J,I),ATT(JI).BC3N6(J,I),BCON2(j.I),RAT~of90n

8200 ;FORMA]iX,6El2.5/lXv6El2*S) RAT~Oo92
WRITEV7,a2soi FI).),PHICI),ROH(JI),ATT(J,1),BCON6(JI,,BCON2(J,I),RATOO930

ICOI(J!!-H2(Jl~sl(Jl'Rs6(JI~tK1(Jl)942(tl)RATOng40I 2SO FO~~4AT(6Ei2.5/6E12*s)- RAT~n950
gOon CON~TINUE- RAT.09h0n
95110 CONTINUE RAT'n970
9999 RETURN RAT*09AO

E 3 AI09
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SU8RUTINE HCALC HCA*n0or,

C NCAOOOI 0
CCALCULATE ENTHALPY FOR PROPELLANT USING COEFFICIENTS HCA*00?(n

C HCA0 0030

LGICAI. MOLES HC A-C~040

D~IMESON NUMW1ShTL MCA0130n

C HCA*0176
COMOLJIVALCES/ANUINUM) (LNL) , t,JS0)'N1)01)EL(10*O1 MCA*01 RO
1 DATA AG/9(51HGZEO20/OX/B150./,BKIH ,50oEP(02 HCA*Olgi)

COM5 f /ISCEN yfNTgTORANG1tLE-T1) 015* P192 HA0090

I (TmT.LOT.CTLOW..100.).oR.TT.T.(T$IGH~lOOCeflGO TO 75 C2)AM2HCA*O24O

2 HPP(2)tROPtMN2o0L.1W()DTA2)NM(55 HCA*016o
3ACUM150. PCT15 NH1XgA(5tT4Pl)FX15tES1)CA* 0 12n

4 JRO~~w15,L L HCA*03Q0

COTIU HCA*0417

EQUIVJ)ALNCE (ANU.I) 9(q~~q~jj HCA*0490

IC HCAo5010

DATAUSG/J).EgIZE)O/2TOO bS IC/B.KI HCA@00200
= Sc HCA00530

c is TT I AGT.EMPI~.N.~ICS2.~TIH HOT 0CA0550o

IFiTT.LT.TM(TSO-0,1).AND.TTE*iP(IS,1HN.ToWo) GO TO 70 HCA*0S6O
GO TO 56 MSCA*o2,7o

DO0900 N1,LEA HCA*029n
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JF'(lIpj).NE.flATA(I)) Go TO 7,n I4CA4'06n

60 CONTINUE HCA*nfl 6

"Um ((405) 1 HCA*0620
GO TO go HCA0063n

70 CONTINUE IJ-A*06 4 0

GO TO An HCA*0654

90 NSS NS 14CA00660

VJS J NCA*0070

D~ELN(J)= EN(JNPT) IICA*n6Rfl

EN(J,1NPT) = I* 14CA00690

CALL CPHS IHCAOnfiO
;EN(j,NPT) = ELN(J) HC4*071o

NS =NSS IICAOn72n

IF cH0(j),GT...0I *AND. H6IJ)*LT..01) HOW() U-00 NCA*0730

ATIE.P(N) 2TT 
HCA~n74O

ENTH(N) H0CJ)*R*TT HCA*OT50

AC (K)=AC (K) ,CPSUM.PCWT/RMW (N) HCA@076n

5fl0 HPP(K)=HPP(K) .ENTH(N)*PCWT/RMW(N) HCAgo77n

900 CONTINUE 14CA*07RO

IF(.NOT*MOLES) GO TO 951 HCA@079o

00 Q50 K=192 HCAo*lnn

IF(W'P(K)*EO.0.)GO TO 950 MCA*08 10

HPP (K) iPP (K) /WP (K) HCA*02?0

AC(K) =ACCK)/WP(K) HCA*0f830

99O CONTINUE 14CA*0840

951 SURO = COF*HPP(1) * HP2)(F1 HCA*0850
GO TO 100') MCAfl'86t

75 W~RITE(6976) NCA*0870

76I FomT5HRATN EPRTR U OF RANGE 00: THER'40 DATA MC*09

VZ 95FORMA(18012034 TH EACTAT ISNOT IN THERMO DATA )C*00

100RETURN HCA*0910

END H4CA*0920

97



90

C su-iiROUTINE MOLTER "L00

COMJ.ONP0INTS/MSUMC13) ,SSuMI(13),CPR(13),DLvTP(13VDLvPT(13! kOL*0O02

29TOTN(13)
CO4MON/SPECES/COEV(2,7,15fl),SC150),EN(150,l3),ENI.N(ISO),Ot1(SO) MOL*OO50

1 ,DELNCISpo)A(159150),SUR(15093!,IUSE(150)tTEMD(502) MOLoO06n

CO*4MONIS4ISC/FNNl.SUMNTTSoATOM(39101)OLLmT(15)80(
1R)98 0 P(1 592) MOL*4O07

1 ,TmTLOW.TMID.THItH,PP,CPSUM,OF,EoRAT,FPCT,R.RR,HSbRO,AC(2)UAMC2-)MOLOOBOn
2 ,14P$(?),RHO(,),VMTN(2),VDLS(2)OWP(2),OATAC22)tNAME(IS95) )40L~o09

3 ANUM(15.5),PECVjT(l5),ENTH(15),FAL(15),RTEf4P(15)$FOX(15)$DE s(15)MOL*0110
4 RuHOP,R~iw(j5),TLN '40L*0lln

COI4MON/INDX/ IOEBUGCONVGTPKPOSPHPSPTPSPNDLESNPNTNPT9NL M 4L*01 20

1 *NSgKMATIMATgIOI1Ql2iPNoUIT,IPNEWRNSUBNSUPITN9CPCVFR*CPCVEO ~40001
3 0

2 ,IONS,Nr..NSERT,JSOLJLIQ,KASE,NREACgICJS19VOLISHOCK MOLonl4o

00 91 IT a 1026 MOLoilln

IF (T(IT).EQ- 0.) so TO 95 MIOL`160

VT = IT XOL*017n

01 CONTINUE 4300190

C X~O0l009

C SET ASSIGNED P mOL.o2oc
C MOL*02I

5DOqO2 IP X 1,NP 340L*0020II = PCIP) '40L0230
C ~MOL*0240

C ST ASSIGNED T MOL*0253

DO 90 02 IT=1,NT ML07
ETT =TCIT) MOLE 023f

CALL EQLBRM '4000290

!F(TTONE.O.) no Tfl 800 MOL*03 00

IF(NPTE0.0) GO To 1000 '¶0L*0310

800 K = 0 '4OLO3?o

IF(IPSEQ.NP.AND.IT.EOSNT~oR.TTOEO.Oe) GO TO 860 M0L*0330
K =NPT MOL*034n

IFCNPT-NE.13) GO TO 870 MLo5

3 860 WRITE (695) MGL0n360

5 FORMATflIs,4 1X,4a8THERMODYNAMIC EQUILIBR~IUM PROPERTIES AT ASSIGNED'¶OLoo370

1 9/53X928H TEMPERATURES AND PRESSURES I )'OL~o3An
CALL OUT1 '40L0n3g

wITE (69863) '10L*0400

863 FoRmiAT (25NOTtIERMOOYNAMIC PROPERTIES/) 9O00410

CALOUT2 MIOL00420

CALL OUT3 MOL*0430
136S IF(K.eO.'*D) GO TO 1000 '40L00' 40

I IRITEC6,868) HOL00450

868 FORMAT(lmj-) M0L0o460
'jpTO = aOL*0

4?O

8-,0-%-P = %,PT I OLofl4R0

C v0LOO490

C SAVE COMPOSITIONS FOR ESTIMATES OF NEXT POINT MOL*n5O0
C MOL*OS1 0

DO C6 1 hI OL~OO520
ENCItmPT) aEN(1,K) '40L00530

8I~o CGNTINUE MOL*0544

9'n2 CONTINUE '40005 50

1000 RETURN M000560
END MOL*0570
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SLRRO1)T INE C'4RsTN M 0 0r

COxmm'N/POINTS/Hsum13) ,SSUI4CI3)CCPR(13)sOLVTP(13).DLVPT(13) csh~
1 *tA.-MM'AS(13),Pt2 6 ).T(26),v(i43),PPP(13),w34(13),SONVEL(13),TTT(13) CP1R-0 0 3n
2*TGTN(13) CMRii0040
"0Oa4mON/SPFCES/CoEFc2,7,15o),S(150).E'J(1SO*13) ,ENL?.(150),HO(150) CBo5
I ,DELN(15A)94(1591SO)tSUB(15093)91USE(ISO)sTEMP(5092) CMsBnfl06
C04O.NmO~isC/ENJ,Sum4N.TTS0,ATOm(3,101),LLM4T(1S),B0(15),8OP(15.2) CMB0n070

I T,T4ILOW.TmIDTHIGH,PP,CPSUM,OFEQRAT,FPCT,R,RRoHSUJR09AC(2)tAM(2)CMB*0090
2 .HPL.1RHO(?),VMTN(2),VPLS(2)sVP(2)ODATA(22),NAME(15,5) CMBOO9O
3 ,A'JU-4(1595) PECWT(15),ENTH(15),vAZ(15),RTEMP(15),FOX(15).DENS(IS)CMB*Ol00
4 ,RHOP9RMW~jS) ,TLN CtMi30110
COaMMDN/INDX/ TDEBUG,cONVG,TPHPSP,HPSP, TPSPot4LESNPNT ,NPTNLM CMB0012n
I eNSoKMATcI'4AT9IQlQ29Noi6lT9IP*NEWRoNSUB,NSUP,1TNoCPCVFR,CPCVEQ CMB*rjI30
? ,IONSNC.NSERTJSOLJIO,0KASENREACsICJS1,VOL.SHOCK CMion1~o

C Ci3*nl15n
C SET ASSIGNED P

TT a 3800. CMD~n1Rn
Dlo Q02 IP a 1,NP CMu8 0 0190
PP .2p(lP) C4~f2f
CALL EQL8RM Cin1
T(NPT) =TT Cm1aO220
IF(TT.NE.o.) GO TO) 800 CmR'n23n
IF(NPT.EQoc,) Go To 1000 CMR80?40

800 K=O c~a*95o
I'UI~eEO.NP*0RTTEQsoe) GO To 86o CmRe o2f0
K=NPT Cms*027n

IFCNPT.NE,13) GO TO 870 CmB~o2ao
860 WRITE (696) CHB*0290
6 FORMAT C14142X948HTNEORETICAL THERMODYNAMIC COMBUSTION PROPERTIESC4M8*0300
1 ///) CM8 00310
CALL OUTi Cm5*o3?a
IERITE (69A63) C'43*n330

863 FoqAAT (25HOTtiERMODYNAMIC PROPERTIES/) CmS*034o
CA'.L OUT2 CmR*n359
"CALL OUr3 'MB30360

865 IF(K.Eo.o) 6O TO 1000 CM3*0o7n
%PT 0 Cm9803R0

870 '4PT a NPT + I CmB*A3n 3~
C CMB*0 4no

c CMS*0O4I0
C SAVE COmPOSITIONS FOR ESTIMATES OF NEXT POINT CM34an420

Do Reo I leNs CM8480430
EntlNPT) a ENCISK) CMB*0440

SuO CONTINUE CMB*n450
942 CONTINUE CMB*0460

1000 ;ETURN CMBOD&70
END CMB*0480
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SUj;3ROLJTINE DETON DET*0000

C CHIAPM.AN-JOUGUET DETONATIONS DET-0020
DET~n0Oo

LOGICAL HIPSDtPIlrERLitGNEiRIONS,'4OLESFROZEOLPSIAtAKT DET*C04n
LOGICAL CPCVFO, CPCVFR, CALCH DET00O5P

-C 
0ET00063

D2IMENSION GM1)C(3vi1)PB1)TB1)611)RH(3 DEr~ne7o
C DETOnORn

CIOMMON,fpOINTS/HSUM(13)sSSUMI(13),CPR(13),OLVTP(13),D)LVPT(13) OET*eOOO

1 s-GAMMAS(1-3),P(26),T(26)sV(13).PPP(13)sWM(13).SO'JVEL(13),TTT(13) OETOIoCo
2 *TOTN!13) DET0011O
Cý4OUInO/SPErCES/cOEF(2,7,15O),S(IS0),EIJ(15O,13),E-NLN(150).Ho(15O) DETool2o
I ,0E-LNV(15,)A(15,15O),SUB(15O,3),IUSEC15O),TE14P(5O,2) DET~ol3a
"COuMON/14ISC/ENN.SUMNTTS6,ATOM4C3,101),LLMT(15) ,30(15)eBOP(15.2) DETOIl4o
1 ,T.4,'LOWTmlD,T4IGHPP,CPSUMOFEORATsFCTt,RR,HSUaO,AC12) ,AM(2)DETool5o

2 ,.-.PP(?),RnOI?).VM!N(2,,VPLS(2),WP(2hD0ATA(22).NAMEII5,5) IPETo1!60

4 ,RHOP,RMWI(15)gTLtJ DET*nlaO
COMMON/INOX/ IDEBUGvCONVGiiPHPSPHPSPTPSPMDLES,NPNTgNPTtNLM OET~oIgo
1 ,NSK4ATIMATIQI,!Q2,NO4ITIPNEW~iNSUB.NSU2,ITNCPCvFRCýPCVEO DET40200

2 ,ONSNC,.k3ERTJSOi,9JLIQKASENECICJ1V1..HC OET~2jo

CO04MON/PERF/PCP(26) ,VAOC(13) .SPIMI4{3),VACI(1
3) .SUBAR(13) ,SUPAR(13)DET"02?0

1 ,CIRF (13) ,AEAT(131 ,cSTR,EQLFROZ$SSO DET40230
COMjMON/OUPT/FMT(30),FP(4),FT(4),FH(4)tFS(4) .FM(4,tFVZ4iFO(4) 0ET0f240
1 sFC(4) *gG(4) ,FB,F#4Tl3 ,FlgF2,F3trP'tF5'FL(4) ,vwr!9,vA1,FA2 DET00250
2 FR1,FCI,FN(4),FR(4),F.1(4),FI(4). Pi4T9XFo OE T -4o2s.

DET-0270
C EOUIVALENCE{CP,DATA * (GMSPIM) *(Hl,VAC61), (PUB, SUSAR)9(TUBiSUPAR) DETeO2'io

EQJIALNu(Gj.EAT)9 (PCP(14) ,RRt]O) TOQ
C D7T0o300

DATA FTI,4H11,D,, FP1,4HPj,A/, FH1,4H*41,C/, FMI/4S*41,M/ DET~o31o
1 *rC1/4HCP19/0 FGj/hAAj /9 FPP/4H4P/Pl/o FTT/4HT/Tl/ DETfl320

2 9 FUD/4HDET /9 FJ*/4H14/'l/i FRA/4HRHO//t FR3/44RHnlI/ DETfl330
3 iMA/4HMACI.I, FMB/4H N0./, IZERO/2H00/ OET.034f

C 0E-40350
D(C)= A11..A22-A21*A'2 OEToo36o
XX(Y)= (BI*A22-B2*A12)/D(C) DET0n370
YY(Z)= (82*All-BIOA21)/D(C) OET*o3so

C DET*r,390
IJT = 1 DET'n4na
HSUzAO = HSUROOR BET*0410
CCALCK .FALSE. 0ET*0420
TT = 0. 0ET*0430

DO z ,NREaC OET*0450
IF(NAME(Nq5)-EO.IZERO) CALCH s TRUE. 0ET*046n

2 CONTINUF DETO'47 0
DO 3 IT = 1,26 DET,>04RO
IF (T(IT).E0oft) GO TO 7 DEI~n690
VT= IT DET~n-ioo

3 CONTINUE DE-ToOSI
7 IF G'A'-(l).NE-n.o .ANDe AP4(2)*NE*Oeo) GO T04 DET*05'20

= m '? D=ET~fl30
IF r A$M(?).E0.O.0)A¶41= AM(1) DETco54o
GOV TO 9 DET'o55c

4* l = (,l.1l)*A-m(2)*AN4(1)/(AMC1) *OF*AM(2)) DET00560
9 1RITE (6sil' DET~oi57n

ii FORM~AT(33HIDE-IONATIO-4 VELOCITY CALCULATIONS) DET¶n5qn
Do 903 !T=19NT DET*o590
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Tl= T(IT) DET*fl600
TT TO ET~n61
TF (-.,ýnT*CALCH) GO TO 15 DETOn620
CALL M1CALC DET*0630
ZALL OUTI DET~nh~.r

15 CPI =COFOAMC) *AC'.21)/(DF'3.) DET006SO
Do Q02 Ip=1,NP DET*0660
Pl= p(itP) DET*Of7l
Hi4(Zqp1) = HSUR6 O-T*i)~o
TU:3tNPT)=Tl DET~o~gq
0U~3('4PT)=Pj DET~n7no
Cpt'4PT) =CP1*R DETOn7lo

-TQ= 0 ETo'A7?0
TT= 3800. DET0flT30
~PP1 is, DET-0740
~p= PP1.pl DET~n75o
IiSUJ0 =HI(NPT)/R *.75*T1*PPl/AMI DET0 07fin
TP = FALSE- DET90070
mp= TRUjE. DET*47;;n
CALL E0L8BTh DET*n7go
HS080O HlCNPT) DETOOPO0
HP= *FALSE. DET'o'810
IFCTT*EO.8.) Go To 1000 OET~nR2o
GAM4= SA¶MMS(NPT) DET*nR3o
M=1 TT/Ti DET' 1n84n
iI= 0 DET~oBSO
TEI4=TTi-,75*PPi/(CPR CNPT) 'Ami) DET*086()
h!4*~dM(NPT)/A?4j DET*n970
WzRITEC69iqo)TT DET~oR~o

190 FoRq4AT(RHnT EST.,IF8.2/11X,4Hp/p1,17X,4HT/Tl) OEýTflB9o
~IRITE(6*203) 1!,PP19TT1 DET~o~on

C DETfnl9'
200 00 20Z II=1#4 DPET.092n

ALFA=ZH./TT I 0ETfl9)3o
LkPPI= CI. rAM) Cl..(l... 4 .GAK*ALFA/(l.*GAM)**2) '.S)/(2.*GA4*ALFA)0E94
R qK=PP1*ALFA OET*0950

TT= TEM.5*PPjOGA4'(RRK*RKle)/(AI41lCFR(NPT)*RI) DET*49fin
,IRITE(6v203) ITPPjtT!1 DET09g7o

24~3 VZDiIMAT (1592E26.8) OETon9cqo
202 CONTINUJE OET~nqoo

TT= Tl*TTj DETlioln
~RR = PP1*AMN/tTT1 OET*Ifl2o

C OETI-1G3n
205 !TR= IT.Ri- DET-%I040

CALL EQLBRM DETl06ofi

IF MlT Eo.o.) SOTO 80DET01ORO
GAM= G-^MMAiS(NPTI DET0109o

C, 1F(CPCVFR1GAM= CPRFCNPT)/(CPRF(NPT)-',./WM(NPT)) DETIjlnD

C I4F(CPCVErO)GAM= -GA)4MAS(NPT)*DLvPT(NPIT) OT1iII'! XM(NPTMr/TAr DET0112o
All= i./PPI * r;AP@RPI'DLVPT(NPT) DrTO114n
A1 2= G-^mRP!*DLVTP (NPT) -DET*OIISO

4.21= *SGm(RO?!-LP(PJ(*RIO)*LT(P)l DET4kiflnV 22=-.5GAv~*OLVTPCNPT)*CRR1*2.1 o.)wI(NPT)*CPR(NPT) DET*1170,

32 M(.NPT)*(HSUM(NPT)SH1 CNPT)/R)/TT-.5'GAM*CRR~'RR~I-l.) DET*11g(,



xi= xxty) DET*1200
X2=YYLZ) 0ET*1210

ALAM= 1* ET*1220I F(TEm-LT*c0.)TE -END*14
I~ LX2.GT. TEN) TEM=X2 VET15

1FiTEMGT,0,4) £LA'42.4/TEM DT17
1P= PPJ.EXP(XI.ALAN!DEJ1S
1T= TTj*EXP(X2*ALAM) DET01240
TT aTlTTl OET#1300

US = (RR.GAI4.TT/W'4(NPT))*..5S DE103310
UO= RR4j*J DET013ZO
WRITE(6910) ITQ 02T*133n

jo F3R.4AT (21o ITERATION NUMBER=I2 -DET-1340
9RITEC69303 PPI*TTI RR1,XlX2*US DT15

l0l*6XolH= E*O*R/6X411HOEL LN P/P1,3X,1HsE~oo8/6iXql1HOEL LN T/TI,3XDET*1370
2' 1=E20eB/Ex,2muS,12X,1HBE20.8) 0ET0 1380

C CONVERGENCE TEST DET*14no

C D0ET*1410

IF(ITR-LE.10 -AND, TEM*GTDG5E-04) GO TO 205 DET014 2fl
-RONT=R DET*1430

IF (cPiNPT)*EQ.O*) GO TO 40 o-T*1440
GMltNPT) =CP(NPT) I(CP(NPT)..RAMI) DET*1450
VIOC(NPs) =UD/CRR*GM41(NPT)'T1/AM1)**9!5 OETOI 460
60 TO 41 DET*1470

40 Gbi1CNPT) =0o, DFrTi'.Ro
V$40C(NPT) a0,.E*19
SO TO 150 DET.] Soo

c, CE*1
C OERIVATIVES DET*1520
C DET*1530

41 WRITE(6,55) OET.1 530
55 FORMAT c 17540 DERIVATIVE OF,13X,454L5 P916Xo4HLN TOET*1354

l,16X9254U0, /9X,2H8y ) T0T1350
91= 1./P?1-GAM*RR1 DETIý1570
32a GAUMflRl**2 DET01540

Xi = xx~y)DET*15q
X2 x Yy(Z) DET.i600
AA= *50(.-O.LVPT(NPT)) Dl T*1610
38= .S*OLVTPCNPT) DE.T*16?o
DUO= tJDOAA4X1.BB*X2-19) DET*1&3n
x= Xj-..1* DET.1640
wITE(6*8j)XIX29DIJO DET~i65n

831 FOR,4ATC6X*13HLNP1 AT T1,H1.96XIHzs3EI7,8 )DETI 666
s1= GAPm.RRI DET*1i670

32= eR.g~c*T*,C~T/RT~ DET016RO
X1 = AX(y) OETI 690
X2 =YY(Z) DETo' 700
DUO UD*CAA*X1.F&8#X2+1*, DET'1710
%2= X2-1. 0ET#1725
wIRITE(6tA4)X39)29nU3 DET*1730

a4 F3Rt!pT(6X.16MLViT1 AT P1,hi~1gl#3XtlH=3E17*8) DET*17'0
31= 0. DET01i Th
42= Wxm{NPT)/(ROTT) DET1 i76o
X1 = Axu.looo.00 OET*1 77f
X2 =YYCZ)0lood. DET*1780
DUO= UD*(AA*X1.884X2) 3ET*l790



WRITE (6je) 41 sx2,011O DE1l 'I
As =oRm4AT (6X,20441 AT Tl*PlvMI =3E17ea) DET'j~qtve

c DEM97tin
IF(IP E.?.AN,).TT.ONO.TEQ$ DOT £, ET1j '4t'

K =NPTD7T 0 lQ~5oIFtNP1.:qE.13) OT 870 DETO'l6
C OET01970

OUTDLJT 0ETI 3qA
DET0 I B9ii

840 kfRITE (6,tt) DT o
5 FORMAT0-41,42X,46MnETONATION ~PPPERTIES OF AN IDEAL REACTING GAS )DiT-19ja

CALL OUT1 DET-1 92f

46 FORb4A;103' UNBURNED GAS//) IDET-ei94o
w 7#4T(4)=F!4TAl3 ;rT-7mt:=8 EOI6

9-%,T c 7) =F4DET*'19
NPT(*M)~tP2*FsO(U(~J1NT DEV ýqqo
F'4TC7)=F2 DEýT , 99 o
dRIYE(6.FM4T)FTjFT(2)sFBF9.(TU?3{AJ),J=1,NPT) DTp
VRITE(6.Fp4T)pH~FHc!.tM().FFaSvil4), Jm1,NPT) DET92`1O
DO 56 !=1,NPT DETO70;2fl

s6 CONTINUE DETo70'go
FMT(7)=F3 r)ET 07oS0
i9RITEI6oFmT) FM1,PM((2'A),FM(3),FR,!VcJ~,jlslNPT) UFT*2'070

FMT(71=F4DEFr-e0q(
*RITEt,4-)FcP')FCPF(2))tFC(3),PC(4),(C-P(J),J=1ItPT) DET*Poan

7.IT(7)=Fl DiT-2*11

XRITE(E6,5R) DET*;Illo
56 r0~mATtll-H0SURNED GAS//) DETO,143

F'4T(4)=F'4Ti6) 0ET*?!,5O
-ALL OUT2 0T?4'
WRITE16f,6S8) DET*;?l7b

68 =3RmA~TI??HoOFTO:-ATI0N PARA4IEYFS I)DET*;k1go
F'eT (7) =F3 DETO?1 -j
0O 76 i=',NPT DETo7Znn

:'CP;I)=TTT(m/TU8tT) EO17
SOVELC I)=SUNVEL1I3*RRHO(I) DET472:a

70 LCOMITINUE D-cT*122to
4.ITE(6,F;4T)FPPFB.F~FBF8 V(J) ,J=l,NPT) DETOP250
d'RITE(6,Fl4T)FTTF8,F8,F8, CPCP(J) ,Jzl.NPT) DET472so
00 73 =I*NPT DET4?27o

73 CONTINUE Sr9
FMT(7)=F4 OET*2300
:cIT-E(6.FHT)F..',#FRFRF8, (V(J) ,=J=1NPT)
uiRiTý'6.MT'IFRAlFR~,FaF8, (RRHOCJ),J=1,NPT) DT?~
WqTE-(6,FiT)Ff4AsFMRP8,F8,P.*40C(J)gJs1,NPT) DET*233a

*R!Tr-6*Ff;Tl FiJDtFL(2)sPL(3),FL(4),(SONVEL(J).Js1,NPT) DET*2350
EOLCSRIJE.DET*21360

CALL OUT3 DET*2370K 65 !F(K.Eco0) :0 TO 1000 BET073HO
WRITE (6,068) DET*23,0o
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0 DEY*2410

C SAV OMPOSITIONiS FOR EsTrMATiES oF wExT PoimT E'4.

C DET*8;450
00 9.80 1 a leNS OET*2464
ENl(TIWPT) aENCISK) DET02470

AD COMSINUE DET07480
WPl'E (6#868) DET*2490

q)P? CONTINUE CT7c
-'9P3 CON~TINUE 0EJ02510

lnpO TP E*22
;tE,3WizN DET*7530

FND DET*2540
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SUAROUTINE SMCK SHC*oooo
IQETURN SHCOo~lo

IN3Sco~



SUBROUTINE ROCKET RCKOrJ000

C ROCKET PERFORMANCE RCK*fl02n
C ETHER mPSP OR TPSP IS TRUE RCK*n03n.

EL -IA PS9PIn8GN 1N RCK*004d0

LOCA HrSPIl8UEROSMOLESFROZEGLLOGV,.H0SP.TPS? ACK00050
CRCCK*0060

OI14ENSION4 AA(2)v88f2).cC(?) RCK*0070.

CO04MON/POTTS/HSUH(13),SSIlM(3),CPR13),OD.VTP(lO#LVPT(13)* rKog

2*TGTN(13) RCKfnlhlf
CC4ON/S-'ýCE'/,OEF(%2,7,15o)gS(150),EIJ(150,13).ENLNti50),I4o(i5) RjqKol12n
1 ,OELN(1seW15915tlO)9SUF3(150e3).IUSE(150),TEMD(50,2) RCK00l30

1 .TM9tTLOW.TMTVTh4lnHCFPP.CPSUMOFEGR4TFPCT9RtRHSUR0,AC(2) .AM(2')RCKOO-50

4 9ki-OPvRmw(I5),TLN RCK*AJRO
CO`M0N/INOX, 1DE8uGCONVG-ITPgiiP,SPHPSPTPSPgMOL.ES, NP,NTNPT,NLm RCK*olgo
I N6,KMAT,!MAT.IOlI,5&*NGITTPNEWRNSUBNSUPITtNeCPCVFRCPCVE0 RCK*0?OO

C04O'4NPERF/PCP(?6) ,VMOC(]3)s3I7IM(13)sVACI(13),SUBAR(13),SUPAR(13)RCK'o22o
1 CPRF (13) ,AEAT (13) ,CSTREQLFPA~9SSO RCK*I'230

C RCK*0240
NAP4ELIST/RKTINP/EOL, FROZSUBAR, SUPAR, PC? RCK&0250

1TH z -RCK.027o
210 Do JO Ixl*26 ACK*n2PU)

zlep( -)= 0.RCK*0290

SUdAR'(P) x 0. ACK0o300

'35P LO TRIU. RCK*t.330

Rr P = eTRUE. RCKrP3340
TPSP = FAL>.-* RCKfl3SO
-QL *TRUE* Rt(*36
FROZ = TRUE. kRCK*0370
PEAD (SoRKTINP) RCK~n3Ao
7; (T(1) .Eo-.0) Go To 303 RCK*~03
TP50 = *TRUE* RCK00400
TT= T(l) -RCK*0410

TP =*TRUE, ACK00420
.4PSP = FALSE. QCK04430

i 303 !F(PCP(l).NE.0.) Go TO 368 RCK0n440
DO 305 1=1,NP RCK*O&50
K RCK~n46n
P(K) = P(K-1) RCK*0470

311 CON~TINUE RtK.,A48t
So TO 311 RCKO0490

3i8 vp= 2 RCK.050 0
DO 310 1=1-24 RK01
IF CI.GT*2) GO TO 309 CnS!
IF ((PCP(I).EGO.).OR.PCP(I).EQ.1.) 30 TO 310 RcK*0530

3ig9 IF (P-9(I).EO.6.) Go TO 311 RCK*A54n
NJP = NP RCK*n5S.,

Zv = P(1)/PEP(I) RCK00560
310 CO2VTINUE RCK.0570
311 mJSU-10 RCK*OSRn

JS~JP 0 RCKio590



I - 99

DO 320 T=Ii13Rc(n0 RCK*96 10
IFCSUkiAR(T)*NE 0e.PjSus=Nsii3

4l+Co0
IF(SUPAR(I) .NiE0.')NSUP=NSUP1lRK02

320 CONT INUE, RcK'06603

.441TE (6,RKTV4P)RtCo5
550=0.RCK~fl660

c IT'tOT=.3

C Sr-T ASSIGNED P RK09

c D902I = 1.94P RcCK~n0oo

CALL EQL9PM CO2

IF(TT4JE.0.) GO TO 333 RCK*n730

lFcmPT.=EQ,0) Go Tn 1.001- RcKfl740

30 TO 9nQ RCK~n75A

333 PCPINPT) = Ptl)/PP RCK*tJ7bO
IF(IP*GT~l) Go To 195 RK07

C ~RCK*fl700

TP 9 FALSE. RCK~n8lrj

li FALSE* RCK0UIB2o
SP e TRuE. .RKO3

SO.= 55.111(1) RCKOR94n
RCK*095f

:)CP(2)=CCGAMMS(1)41e)dI2.)ti(GAMMAS(1)/CGAMMAS(1l-1*)) RCKOO8fin
~()=P(1)/PcP(2)

TT =2,*TT/(GAI*MAS(1]+I9)- RCK08g7f

;0 TO 900 RCK*nBRAf

195IIF(IP*GT*2) GO TO 900 RCK~n890

C RCKO91901
C .THKIOAT R~OI

RCK0092fl

190 IFcITti9NE,?) GO TO 191 RCKon930

[IITH =0 RCK*flq40
GA'4MAS(2)= 0. RCCX*n950
50 TO 900 RCK*o9Zao

19 H SlMc1)-N.SU?4(2) RCK~fl97fl

Di4STAR .= Dh-0AmmASc2)*TT*EJN/2* RCK~n98B0
Ir (I0tE;2G) WRITE(6,923)OHSTARHSUM(1)'PHSUM(2) ,PCP(2) RCK*0996

973 CGRhiAT(4E25.R) RCK0 100o

I RCK*10?n
IFDH e~I t .0. D =O H RCK~i0 210
!7(fVI.LE,6.4E-4.OR.ITROT.E0hO) GO TO 900RC*06a.:F(JSOLeNE*o) ITH =1 RCK@1 050
IF:(JSOL.E0*O.ANDeITH*EQiI) ITH=:2 R-K*1O06
IF(ITH.EQ.0) !Gn To 192 RKI7

c RCK*107n

C SPECIAL THROAT INTERPOLATION IF ITH a2- RCK0 I 090

c RCK*1090
OLNI.= *S*TT*ENN/(HSUM(IV)d4SUM(2)) RKIn

AA(ITHV.*S*DLNTO(2.ODLNI(SAMMAS(2)-l.O)/GAMMAS(2)) RCK'*1110

XX = ALOGW.CP42)) RCK*1120

aa(ITm) = I./GAMMAS(2)ODLMN2.*XX*AA(ITH) RCK*1T130

CC(ITHI) = ENNOTT/(PP*(HSUM(i)-¶SUM(2))**.5) RCK*1140

CC(ITA) =ALOG(CC(ITT)).,Xx~(8B(ITH)*AACITH)*XX) RCK9115n

IF(7.TH.EO.1) Go To 192 RCK01160
I RCK*117n

AA( )=AA (j)-AA(2) RCK~ilsn

cPp(2)=(-8 81).I(B5(1)1*8(1)-4.*AAC1)*(CC(l)inCCt
2 )) ).*.5)/(2.*AA(1)RCKI1190



1 100
1) RCK*1200

PCP(2)=EXP(PCP(?)) RCK*1.Z1O
GO TO 1Q3 RKI?

IQ? PCP(2)n PCPCZ)/(1..29.DHSTAR/(ENN*TT C(GAMI4AS(2)*1.))) RCKO*1230
193 P(2) PC1) / PCP(2) RCKO:124'1

pp=P(?) -RCK41 250
ITAOT n ITROl,.I RCKiI260
CALL EOLRRM f.CK*1270
IF(TT.Eoo0.) Go To 1000 RCK*12an

G3 TO 190 RCK*1290

900 K =0 RCK*13in
IF CONOTeEQI. *AND* FROZ) GO TO 990 Rck*132 0
IF(IP*EQ*NP.OR.TT*EQ*09) GO To 860 RCKS1330IK =NPT RK14
IF(NPT-NE.13) GO TO 870 RCK013so

80CALL RKTOUT RCK*1360
IF ((NSIJB # NSUP).NE*0) CALL RATIO RCK*1 370
IFCK*EQO0) GO TO 990 RCK013RO

.~1TE~.865)RCK*1390
~-865 FORI4AT(1HI) AK10
SjNPT x2 RCK*l1n1

al187 NPT aNPT # RCic.1420
C RCK*1430J C SAVE COM4POSITIONS F0OH ESTIMATES OF NEXT POINT RCKOIA44
C RCK*145n

DO0 880 1I itUS RCK*1460n
ptV(*P)UEN(19K; RCK*147c

9A'2 CONTINUE RK19
g IF (FROZI CALL FROZEN RK10

1060 RETURN RCK41510
END RKI~

B-t

Fi
1!
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SU4qOUTINE RKTOUT RKTQoooo

C RKT'ooin
C ROK=Y ERFRMANE PRAMEERSRKT 0')020
%. RKT*OO30

LOGICAL EQL9FROZ 9TP*HPvSP#HPSP9'tPSPtSHnCK RK'*0040
C RK;*0030

.)I'ENSION NV(13)*Z(1O,4) RKT.0060o
C RKTfn07n

-O0MN/POINTS/4SUtl~(3).SSUa4(13),CR(13),OLVTP(13),ILVPT(I3) RKT-00~n
1 ,G4A4'AS(13),P(26),7(26),V(13),PPP(13),WM(13),SONVEL(13),TTT(13) RKTnoflq*
2 #TOTN(13) RKT0on On
CO10N/SPECES/COEF(2,?.150),S(150),EPJ(150913),ENLN(150),40(15O) RxT~nlln
1 DLEL.N(150),A(159190)vSUB(15093),IUSE(150)tTEM4ý(5092) RTn2
CO!MmON/mISC/ENt*JSU'4NTT.SoATOIA(3,lol),LLMT~i5),Bo(1s).8op(1592) RKT~nl13n
1 ,T9TLow.Tmyn.THInHPPCPSUMtOp.EORATFPC1.RtRRHSUgoACc2),AMc2)RKTaol4o

f 2 ,tEPi2),RHO(2),VMTN(?),VPLS(2),WP(2),DATAt22),NAME(15,5) RFcTe,1sn
3 ,ANUm(l54S)*PECwT(15)oENTH(15)oFAZ(15),RTrtMP(ls),FOXC15),DENS-(11)RKT~nll&o
4 *9L4OP9RP4w(15)qTLN RKT*0170
C0141ON/iNrX/ IDE8UG,CONVG.TP,HP,S0 0 .H PpTPSPM3LES,NP,NTNPT,NLI4 RKT*01 80
1 ,NS.KMATIMATI1.1*Q?,NOMITTP.NEWdRNSU8,NSUP9,ITN,CPCVFR.CPCVEO RKT~nl;0
2 ,1flNSNCNSERTJSOL9.JLI2hKASENREAC.ICsJS1 ,VOL:.SIOCK RKT0o200
COMMiON/PERF/pPCP26 ,VMOC (13) ,SPIM(13) ,VACI(13) ,SU8AR(13) ,SUPAR(13)RKT*021n
1 ,CPRF(13) ,AFAT(13) ,CSTR9EOLFROZSSO RKT00220
CO'4'ON/OUPT/FmT(301,FP(4).FT(4),FHZ4)sFS(4),VM(4),pV(4),FD(4) RKT~n230

1 *FC(4) ,FG(4) ,FB,FmTl3,Fl,F2,F3,F4,FS,FL (4) ,F4TIT9,FA1,FA2 RKT~tn24n
2 ,FR1,FCI ,FN(4 ,pR(4) ,FA(4) .F!(4) ,FIT9AFOF RKT0 0250

C NKTon260
EQUIVALENCE CVeNV)*,(ZsHo) RKT0O27n

C RKT~fl2kO
DATA ExIT/4HEXIT/ Kn9

c RKT0O 300
C IFIEQL) WRITE (6937) RKTOn3ln
37 FORO.AT(IHI/24X,84HTHEORETICAL ROCKET PERFORMANCE ASSUMING EGUILIBRRKT*r0320
11 UM COMIPOSITION DURINI' EXPANSION /1RKT* *33r.
IF (*NOT.rQL) WRITr (6938) RKT'03il4O

38 FORM4ATlH.j,26X,78HTHEOiRETTCAL ROCKET PERFORMANCE ASSUMING FROZEN CRKT.035r.,
13MPISITION DURING EXPANSION4 RI KTol36.

LFc~)wRITTE (6,737: RKT*037fl
77FOR4AT C5,x,28HAT AN ASSIG4JED TEMPERATURE RTOR

VII) =PPP(l)*i4.696006 RKT0O3gn
R RITE (6940) V11) RKT*04no

40 vo'~mAT(SH PC = F8.1,54I PSIA) RKT~n4)l
CALL OUTI RKT~fl42f
VE~X =NPT 2 RKT*5430)
Do 862 1 =19NErx qKT~f44fl

862 V(I) =EXIT RKT~n45n
WRITE(6,48) (V(I),!1,1NEX) RKTO6F%0

48 FO~b4AT(IHO,j6X,16HCHAP4BER THROAT *l1(5XA4)) RKT*0470
C RKT*048n

PRjESSURE RATIO: RKTh0490
C RKTfl5Ofl

F4T(4) = Fm4T(6) RKTOOSI 0
CALL VARFO-T (PCPNDTi RKTeeA520
WaRITE (6sF54T) FR1,FB9FB*F~j,(PCP(J)9j21,NPT) RKT*0530
CALL OUT2 QKTon54o

C RKTOASSO
frV = 9865RKT~n56n
DO 202 K=2,NPT RKTGn570
SPIMIK) =(2.*RR*(HSUM4h1-lSUMvK)8...5,/AGV iKT'n5Rn

C RKT'0590



CAW (A/W) IN UNITS OF SEC/ATM 1020~C

AW a IR.*TTT~jK)/fPPPIgWI(C)SIA(()Ayi
2  RKTOO62h

IF(IC.NE.2)GO TO 200'K*03

RKT*0640CSTR=32,174*plj)*A;JT 
RKT*o0650200 AEAT(KI SAW/AWT 
RKT'fl66aVC(K)=SP~wM(K)4PPP(K)*AW 
RKT*g)6~7gIF(OVL()N** VRO(I(SIE4 (KQAGV/SONV9LifK) K*0NV(K) CSTR * 5 
RKT*0690* ~~2i2 CONTINUE 
RTO0

C
C MC1)0 RKT'0730

TF(GAMt4ASf2).E§.D.) VMOCQ2)u0. 
RKT0075nFf4T(?) x F 
RK?*f760f WRITEC6.FMT) (FN(.).Ilui,4)',(VMOC(J),JSlNPT, 
RKT'g077 0WRITE (6*Zog) RKT*0 7RA268 FORMAT ()IN) 
RKT*0790

C co RKT*o810
C RKTOOB2OFHT(4) 2 FMTqX RT02

FmT(S) = FMT13 RT03
FmT (6) = FMT!9 QKT*0840
FMT(7) x F1 KT05
WdRITE(6,FmT) (FiR(1),Iul4),CNVcj~,'ja2N RKT 0g70

C2NT 
RK1*0870C CF - THRUST COEFICIENT RKT*0 119t

C RKT*0Ogg
FMT ci) a p3C) K*00

F#4T6) ~?Mc8JRKT*0910
22DO 212 1=29NPT RKT*0920
22VI)=?2 174*SPIMCI,,CSTR RT03

W'RITE(6.FmT)FCl1 .F8.FBSp#.V(ClJ=9J2.NPT) 
RKT*OQSV)

C RKT* o9 6o
C RKT*097oCALL VARFMT fAEATNPT) QKT*0980

FMT( ) FS~ 
RKT*looowRI.TE(6,FMT)FAiFA?,F8,paCAEATCI)9Jn2NPT) 
RKT4101n

C RKT*1 020C VACUUM IMPULSE 
RKT*1030

FMT(5)=* FMT13 
;tKT*1 050FMTt7) 0FI 
RKT'1060WRITE C6,FIT) CF4cI).I=1,4),CVACI(J)J.42,NPT) 
RKT.107o

C SPECIFIC IMPULSE 
RT19

C RKT*1090WRITE(6,FMT) CFI(!01a194).(SPIM(J).Ja2.NPT) 
RKT*IllnWRITE (69208) 
RT1?F,4T(4) =FR 
RKT.1 130FP4T(5) Z MT13 
RKT*1140FmTj7) = F 
RKT*11501F(EQL) GO TO 312 
RKT*1 160WRITE(69310)RK,17

3j0 FORU4AT(1SHOMOLE FRACTIONS /)RKT.I 
18a

C RKT*1i90o

-kw
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14OL FRiACTIONS F ROZEN.. RKT*1200

C RKT*1210
00 309 IT=1,NPT RKT*1220
DATA(I) =o0 RKT*1230
DO0 30l8 K=1,NS RKT'j?4fl
DATA(I) = DATA(!)*EN(KI) RKT*125r1

3'i8 CONTINUE RKT*1260
309 CONTINUE RKT*] 270

LINE = o RKT*1 2Ra
DO 43e K( =1NS RKT*12gn
V(LI?4E*1) =EN(Kt1)/OATAC1) qKT*1306r
IF (V(LINE41).,LT*(S*E-6)) 60 Ta 424 RKT*1310
LINE = LINE4I RKT*1 3?0
Z(LINE,1) = SUQ(K,1) RKTcj33n
Z(LINE,?) =SU4(K*;') RKT*134n
Z(LINL93) SU3(K93) RiCT*1350
ZCLINE,4) V(LINE) RKT91360

4?4 IF (LINE.NE...ANO.K.NE*NS) G0 TO 430 RKT*137f)
IF (LINE*EQ*O) 60 TO 312 RKT*13so
WRITE (6,426) (Z(LN,1),ZCLN,2),Z(LN,3),Z(LN,4),LNzlLINF) RKT*13go

426 FORM4AT (11 94(3A49F9*597X)) RKTO14no
=LINE =0 RKT01410

430 CONTINUE RKT.* 420
312 CALL OUT3 RKT*1 430

1000 RETURN RKT*144n
END RKTO1450



21 C (UED Fi)R AREA RATIO INTERPOLTION ONLY) 1002

DOUJRLE PEIINGXR00*
LOGIC-` EQL# FROZqTPSP R1O*004n

C ~R10 0 0504

DI)4EN'iON PERC2,2),AX(13),APCP(13),AT(13),AMVT(13),RP(2),NV(13) 
RIO*0OAO

1 9 R"~(2) 
R1OOOOTO

C CoMmON/POINTS/NSUN14c3),SSUM(13),CPR(13),DLVTP(13) ,DLVPT(13)1 
RIO*0jRO

I ,GAI~k4AS(1 3),P( 2 6),T(26),V(13),PPP(l3),W4(13)v~SONVELC1.3)tTTTC1j) 
R1000110

2*TOTN(13) R042

COMNSEE/'Et9t~~S10#NI01)0NN1090lO 
RIO*0130

1 *OELN(l5O),A(15,150),SUB(150,3)91USE(150),TEMP(5092) 
RIO~n1~n

COMNMS/N~SM TS,~o.;tolLM-(590I~ ROP(l5,2) RTO0n150

2 ,&.PP(21,RNO(2),VNTN(2),VPL~(2),NP(2)gDATA(22)gNAMECl59S) R10*0170

31I 10 ISOPJT1MT#GII02 NOT1PNWNS8SUITCCVRPVE RIO*03R0

2LL1*~NERgS~JI*KSRAICOS9OvHC 
RiO*0 239

IF(ISONIC.EO./P2) 6') TO i34 PM1)VCI1)SBR13oUA(3RIO*0240

I tPF(1SUB.EO.) OT13OcS 1200 RZ, RIOen0l 0

IO TO4,G4 36M19I,2F,4FSF()FTI9A9A RIO'O.30

34 !F(NSUP.EQ.O4)GOFR4TO 12004)~mgx RIO~n440

CQIAEC NSUP V RI O*ft30o

36 L =0 110IN1,NA RIO*032n

TF(ISNC.EO.T,ýP2))GO To 30 R004

IFSo O.E1 GOTO 110 RxOo~zoffi

30 .NLO=- 
RIOfl0qfl

31Do 320 J4ISGI( R10*03SOf

VLL) KRRI RIO'0510

IF(V(LL).GE.A-TCJ) GO To 56 RiO*0400

38 CONTINEQ,)6 O10 RIO*043o

SO TO 56 RtO*0431o

340 !FCNSUTP'ERLO.L3 GO TO 1100 RIO04405

NAR =NSLO R!O*0 570

36n0 10 42 1NA RKw' 1005046

IFCVCLL)*LE-AEAT(J)) GO To 56 RIO-0520

iICNIUERO03

SOT26R004



42 CON'TIrYUE Ri o~ ')600
IFCV(LL)eGE*AEAT(J)4'3*) GO TO 85 Rjoan6in

5 6 <J J-1 RIO'ý*n620
IC zKJ RIOon639o
00 64 jj=1 #2 RIO*n64o
IFCCPRCK),NE*0.) GO TO 63 RIOon656
wRITE(6962)K R10on6fin

A2 PORm.ATC17iHoCANbJOT USE POINT91293X94HCP=O )RIO*A67 0
30 TO 1100 R000n680

63 0ER(JJs1)=.1.IcCPRiK)*V,4(K)) RCnq
IF (EQL) PER(iJJl) =PERIJJ,1)*OLVTO(K) RI*0'~704
PrR(JJ*2)2  TTT(K)/(2.0WM4(K)*(HSJ34(l)uHSUM(K))) RIO*4711)
RP(Jj) = l./ci./GA*IASCK)-PER(JJ92)) RIO*n72A
IF(EQL)RPP(JJ) = i.4OLVPT(K)*(1.-ILVTP(Kl)*PER(Jj,1) RIO*0730

CALL SET(PCP(Kj),RP(1)sAEAT(Kj),V(LLI, APCP(LL)) R11000760
64CALL SEA(jtE(11*C(J9PCP(LL),AT(LL)) RIO.0 7snSFEQL(TL STCKJ),FRC1,).RPC(PCKJ JVPCCL*AWCL) R1000790

00 74'Ji2R~nl

GtJJ*297,=2e.GtJJ*7)*PER(JJ,2) RO03
G(J47=I-AMSK)/AMSK*(J27 RIO@084 ost3tlj,)1. RIO*OBSO
aCJJ*2,1)= 0 RIOGO860
GtJJ*491)=c' RTO*0870
G(jjt2)=ALOGCP6P%K)) RyO*Asao
GCJJ.2#2)=1. RIO.o8go
G(JJ+4#2)=O R1040900

DO 70M=3,6RIOon9lo

'4j*9M=3,6 - t-'4-2) *FLJATP4U-l) RO0

70GCJJ.4,M)=GJJ.2,N~i'c.J.J2)*FLOATiM..2) RIO:094A

K =KJ *1RI o'n963
74 CONTINUE RIO.o9?o

IMAT = fiAOoq
CALL IMSAUSD RTOO0990
ATILL)= X (1) RIO*i 000
DO 34 JJz296 RIO*i 0) f
AI(LL)=AI(LL)* X (JJ)*ALOG(APCP(LL))*(JJ-1) R10010o20

A.4 CONTINUE RT001030
IF(.AI(LL)eLE*0,.GO TO 85 RIO*10 4 0
AICLL) =AIILL)**95 RIGo1 050
SO Tl) 86 R?!O*oi or

R5 LL zLL-IR10i~
R~6 lF(LL*GE.13.GRIeGE9NAR) GO TO 90 RTO'1 090

LL = LL.1 RIOD1090
6O TO 1100 RIO') ion

c RIO'111o
C OUTPUT RI06112fo
c RTO*i 130

90 !F(EQL) VITTE (6oR7) RIO') 140
R.7 F~8A(IH!I/24X,Ii4HTHEORETICAL ROCKET PiFRFORMANCE ASSUMING EQUlLIBRRIO01 150

1IUM COYPOS!TTON DURING EXPANSIOP 2i)0012i6 n
IF (-NOT.EQoj) WRITE (6*89.) RIO'] 170

AS r~xTJj2X7HHOETA ROCKET PERFORMANCE ASSUMING FROZEN *'RIO~l19.a
I13POSITION DURING EXPAN~SION /1) RI 001190



106

Q9F0~mAT (5X2HT AN ASSreJED TEMPERATURE Rcvl

wRIVe. (6#4;21)I A.G*22

Q! pFORI4AT (52X,?4HFOR ASSIGNED AREA RATIOS R!01?3
PC= P!1)014@696006 R~j&
WRITE(6*191)PC RIO*125n

191 PORMAT(SH PC = ,FS,1958 PSIAt RIO'1260

ICALL OUTI RO17
IF(ISONIC*Egol) WIIRTE(6,33)

33 FORMAT(18N0SJRSONIC FLOW /A1)019I C IF (ISOFJIC.EQ*7) WRITE (60~5) RIO'13no
RtO*1310

C ARA RTIOR1O*1 330

ARACA 1 RIO'13.fl
FMT(6)= FmTfAl RIO'1 3SO

FmT(4)v FMTC6) RIO'13fio
CALL VARFMT (V#NPT) RIO.01370
wRITE(6*FMT) FA1qFA2.F8.FR, (V(M) ,MxI.LL) RO. 8

C RIO'I139n

C VACUUM SPECIFIC IMPULSE AND !SPECIFIC IMPJLSE RO1o

c RIO*1410
DO 93 Mml*LL R!O*1 43f

V(I)=A1(N)#CSTR*Vlm)/(32*1
74 * APLCP(M)) RIO0i 436

93 CONTINUE RIO'i 450

FMT(4;z FMT13 R10414SO

F,4TIS)= FaRTO16
*F'4TC7)a F1 i017

WRITE(6,FMT) (F'AfN)tNzj94)# (V(4)t"4'19LL)1*1R
W RITE16orMT) (FI(N)*Nr-19')# (AI(M)*MZILL) RIO'l 490

C CeRIO.I 500
C A!0*151O

C C'RTO01520
C FMT(5)= FMT19 RIOoi 530

DO 914 M),l~L R1O'15kn
YV ( M) CSTR", as RIC*15Eo

94 CONTINUE RO16

WRITE(6,FMT) (FR(N)9Nu1,4)9 (NV(M)vV*lLL) RIO*1570

C RIO.15RO
C CF - THRUST COEFFICIEt#T Rj 0.1900

C RIO'lblfl

VtO=ASM)*2,i7;L STR R10'1 20

9S CONTINULE R!0'! 640
FmT(5z 7ARTO.1640

F-4T 1 7)= F3 
RO15

WRTITEt6*FMT) FCj.FRtF89FB. CV(M)9Mxj9LL) RIO*1660

WRITE (6,961 RIO*1 670

96 FOR,4ATtIK IRIO' 16Rn

C RIO'l 700

C PRSSR RAI RIO17l00

FMT(4) FMT6) RI ()17211

CALL VARFMT (APCPONPT) RIO*1?An

RIO*1 750

CALL VARFmT (APCP*NPT) RTO'! 760
C RIC.17?n

C PAESSURE RIO'! 7Rn

C RTOO1790



1 07

WRIITE(6#FKT) FRj9FA9FB9F8,R,(APCP(14) .mmiLL) RyO~1 Snn

00 Q8 M41wLL Rlo*fi lI

RfV(4) =P(I)/APCPtNl R1OI R2n

Qs CONTINUE RI00lA1f
^ALL VaRFi4T {VqNPT) RIO*4 Li4n
aRITEC6jFmT) (FP(N),N=1,4), CV(M),MultLL) RIOilg5n

C RI 0* 860

C TEMIPERATURE R7O*187n

DO 101 M=19LL RiOO1 efo

44V (.4)=AT W4 4.5i R10*1900

I,',! CONITINUE RIO*1910

Ft4T(4)= FM4T13 RIO*1 920

F?'4TC53= F#4TI9 RIO*1 930

R WRITE(6*FMT) (FTCN),Nzl,4), (NVCm)Mu,4l9LL) RIO*1 9'4
R C RIOi 950

C_ ENTHALPv R10019EO
el Z- cRio.*970

KF,4Tt5)= Fsq R10I 9Ro
atF4TC7)= F1 RIO*1qgo

00 104 J4IgLL RIOo 00o

v (")= HSUM(1)eRE1000.*(AI !M)/294c98)**2 
RO7

104- CONTINIUE R13*0202

C iRITFE(69FMTt. (F!4(N)9Nsl,4), (VH,rn4391,LL) RIO*?o30
C RIO'?04n

C ENTROPY RIO0705n

c RIO.?060
FmT()=F4RIO*2070

V(1) = SSUM(2)*'R RIO*?Oso
DO 106 '4219LL R1002090

V~m) = Vti) RIO*?_11io

166 CONTINUE R100211 0

WRITEC6,FmT) (FSCN) ,NZ1,4), (V(M)914a1,LL) RIO.?1;'ot

C RIO*213 0

C MnOLECULAR WEIGHT RIO*2140

C RIO*215n
FM4Tt7)=F3 RIO*216f

W!RITE(6,Fm-l) (FMCN),N=1,4), (AMWT(H*im=1LL) RIOQ?170:11100 CONTINUE RO28
j2 o C N I U qI 0 2 190

END RIO*221o

OIL



108
SUBaROUTINE sETj)NE*TWo*THREE#ARGHAL) SET~zD005

C SETn'flf~l
Z: CUSED FOR AREA RATIO INTERPOLATION ONLY) SE T"fl 0 2G

C SETS UP ALL 4, gy 5 MATR~ICES SET*'ol.*o
C S~o~

DOUqLE DREC7S10N A.ANSIG#X SET*((C-50
C SENIOgAN(ooE2)oO()HRE2)(n,1

DIESO01()0E2tW()tHE()A291 -. A7

C SETIAl0ROW ICOMMON /OOURLE/ 6(0o,21)9 X(20) SET.ol90
Cr31*ON/iNnX/ IDEBUICONVGTP*HPSp:MPSPTPSP04OLESNP.NTNPTNLM SET~r 10
1 ,NS.I~gATtrmATV91,I02tNOMIT.YPgeNrWRNSU8,NSUP,!T1J.CPCVpR.CPCVE9 SET*4f11n
2 IONS,NC,NSERTJSOLJLIO.KASE.NREAC4TC.JSI sVOL4.SHOCK SET'i0120

EQUIVALENCE (GA)#(XANS) SETooI3O
C ~SE'l*1501

00 q juhgI, ,.I~f
AQjWS5) -ALeG (ONEC(J)) SET*017C1
at J*?#S)zTWO(J) Sý0A
AJ#2)zALOG(THREE(J)) SETO1~?fl

8CONTINUE S'ET*021 a
8o I isEToo2la
001:200ST00

ACT 21)ZO.0SET*0230
A{1#292)zl.o SET~n240
DO I =9 SE!Tg 250
A(IvJbl)=A(102)J SETO0264
AIZJ.1) 3A (1,2)a4*CJ.)@VLOAT(JI SET*027D

1 CONTINUE STnR
TAT =4 SET*fl2g0

CALL MGAUSD SET. 0300

I4ALzANS(1) STA
SU=LOAG(AR * (S SETeo33o

00 10J=1* . .SETo03i3

iO CONTINUE SET*435o
AALmEXP (HAL) SET*0360
RETURN SET*n370

END SET*0380
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SUIROUTINE FROZEN FRZ'OO00

C -FRZ00010
C (FROZEN COMPOSITION EXPANSIrON ONLY) FRZfo2t)

C FPZ~n03O
LOGICAL E0LqFR07tCONVG FRZOn04O

C FRZ00050

c-OAON/POINTs;).iSUMU13) SSIJI(13)tCPR(13) ,OLVTP(13,tDLVPT(13) FRZ*0060
1 .SAMMAS(13),P(26),'1(26)*V(13)*PPP(13)twmtl3)tSO'JVEL(13)$TTTcl3) FRZ~oO7(i
29TOTNC13! FRZ*,;oý%(
CO"-4ON/SPECESiCOEF(29791'7 l)1S(150),EN(15091

3)tENLN(15O)ti4OPlSO) FRZ*511qO
1 ,OELNil5o),AC15,lSO),suB(15093),IUSE(150),TE?4i(5O,2i FRZ~onla
COMON/tMtSC/ENN.SU1IN.TTS6,ATOM(3,101),LLMT~l5),9O(Is),BOP(15.2) FRZ'nl1 q
1 ,T$,TLOWY#910,THI4GHPPCPSUMOPEQRATFPCTRRR.HSUBt0,AC(2) ,AM(2)FRZ*fl2fl
2 ,aiPP(2),RHO(?).VKTN(2)tVPLS(2),WP(2),DATA(22),NA)'EI(15,S) FRZOO13n
3 ,AN.4(Tj5,5),PECbWTC1S),ENTMil5),FAZ(15),RThMP(15),FOY.(15)90ENS(15)FRZ~nl4f
4 9RHOP9RXW,(15),TLN FRZ*nl5A

SCOMM10N/INfX/ !nBGCNGT,~sPPP~t3E,0NPL FRZOOI 60
1 ,NStKMATD4ATI01,IO2tNOMtITTPNEWRNSUR.NSU~,ITNCPCVFRtCPCVEO FRZ9flI7f

2 l,IONSNCNSERTJSflLJLIQ.I(ASENREACIC,,jS1,VOL.,SHOCK FRZfllqt)1k 'CGMMON/PERF/PCP(26 ls~t4OCi13),SP!M.(13),VAC~tl3),SUBARc131,SUPAR(13)FRZ*01O9)
COM'4ON/OUPýT/FMT(30 ,FP(4) .FT (4 ,FH(4),FS(4),FM(4),FV(4),VO(41 FRZ*c~in
1 .FC(4 oFG(4) VB.F14T13,VjF2tF3wF4.F5,FL (4) ,F4T19,FsA.FA2 FRZ~n220
2 ,FR1,FCj,9FN(4)tFR(4) ,FA(4) ,FI(4) ,PMT9X.F0 R*03
ITAOT = 3 FRZ9c024n
EGL z9FALSE. FZ05

vT=2 F'RZ*o26o
TT =TTTUl) FZ1

TLN=ALOG (TT) FRZ0O2RO
OGA."4ASI1) = CPPF(l)/(CPRF(l)-1../WM(1)) FRZO02290
CPiR(1 = cPRF(i) FRZ003na

UAA11= 2,/tGAM94AS(1) + 1.) -R*0?

45 ONVG =*FALSE. =Z67

PCPLN= L~PPNT)FZnS
SO=SSC -PCPLN/WM(l) FZ04

SUMSU `2 04 FzA0
SlTT=w-XP(TLNI R*1!
SIJMS=O FRZ*047t

JS1 = 1FRZ~n43o
VN= URT FRZ~n44-

VPT = IFRZ*045n
CALL CPHiS FRZ~n460
vP~T =Nm FRZ*0470
DO 60 J=1,NS FRzfl4'Po
IF(EN(jJl,)EO.o.) GO TO 60 FRZ00690
SUAS = SUMS 4 S(J)*EN(Jv1) FRZ*0 5&qE

!F C?~V)SU"H=SUMIH+H(J30EN(J.1) FRZOSROo
6 ,.c COT!'NUE FRZODS?o

IF ,COUVG) GO TO 81 FRZ04530
DLNT=(SvlSwS3) ICPSUM FZn4

TL~TL~J~Dl~ITFRZan550
lF(-jL'4T.LT~o.) DLNTW-OLNT FRZ~nSfio
1=(nLNT.LTq0a5E-4) CONVG=*TRUe. FRZ~n57f
56 TO S1 FRZOOB8O

A, TrTCNPT)= TT FRZ00590



SSUk4(N*PT). SUB!1 
FRZ*060t.H4SUM(NPT)a TT*SUIKH 
FRZO06ln* ~~~G4I14HAS(NPT)a CPSUm/(CPSUtm1.j/zi~Zj()) 
R'jIVCIP*GT*2) Go To 9o FPZ*fl62n

c THR~OAT CACULATIONS FZn4
C 

FP'E~n660
D4= "'Sum(1) "!,SUM (7) 

FZnZPASTAR = ON-tG&IM"A9(2)*TT/CZ.*WMp;)) 
Fznp

IFVCOXLEo%4E--4.OR.ITIdTE).Q.o) GO TO 90 FRZt)7 10PCP(2) fPCP(2)/(l.*?.*OHSTARtMM(1S/(TT*(GAMMSt2).l*))) FRZ'0720

IT;ZOT ITROT-j 
FZn465TO 45 
FZ45

PPPe4FT) a Pc7P) Fz06
~ ICPRCNPT3a CPSUi FriZ*0?t7OKaQ VRZ*OlqD

IF (TT*LT,(TLOWmTSqe),.3
0 TO 90~3 FZo-IF(NC*EO.O) GO TO 700 

FRZ~nsIOINC = 
RO0?DO 901 !1.*NS -R~)3

!F(tUSPCA1.Eo.O*oR.IUSE(x),EQo-1oooo) GO TO 90 rRZPOSfiOINC aiNc~l 
VZ~S

MEN(21)9*09)GO TO 961F0:ai
IF CO.TILTE TM Ial-5.-R*TS.TEoy P(INC.2),So.))so TO 903 fRz*nS7O

700 IF ID*5:EQ.NP) GO TO 863 
FRZ*ngq.*

IF(P;*Ej)GO TO:: R8701~~I 0SO ~ ~ T TOe3 Ron2
9q3 NPT =NPT isF*03

9i.2 CONTINUE 
FRZ091000 RETURN 
FRZ*10oa

END 
FZ11



WE
3LOCK DATA BLK*00000

C BLKnOO 1
DIM4ENSION ATEt413v5n) BLK. 0020

42 T c LW'ý0030

ST%4qTL0W4,TM1DlTHIGA*PPqCPSUM,0FvEQRAT,5PTR~,S8,C2 A42BKG5
2 ,,ip(P?),RHO(2).Svm1Nt?),VpLS(23,WP(2),D.&!A(Ž2),NAME(15,5) BLK*006n

kH 3 ,ANUM(15,5)OPECWIA1S),ENTH;(l5),VAZ(15!tRTEMP(I5),FOX(15),DENS(15)aLK*OOIO
4 tRH0P,RMW(15),TLN BLKno~orI
-CgMP/OjIUPT/F'4T(30)eFP(4).pT(4),PH(4h*FS(4),FM(4),FV(4),Fn(4) BKgOn
I gFC(41.FCC4),F8.FMTl3,FlF2,F3,P4,F5,FLf4),F~4TI9,FAIPA2 BLK4'0100
2 ,VR1,FCIVN(&),FR(4),FA(4),F1C4),V4T'*X.FO BLK*01lfl

C BLK0O12O
EQUIVALENcE (ATOm(!#52),ATEM) BLK*0130

C 3LK*0144
BE 0 ATOMI1C SYMBOLS, WEIGHTS9 AND VALENCES BLK0OISO

C 3LK0O 160
DATA ATOM/ BLK*0170
A 2Hh % 1,00,'79' jog 2HHE% 4.0026# 0tt 28LI. 6.939 v l.' 3LK*ClVn
R 2HBE, 9*0122 92., 298 t 10.811 9 3*3 28C t 12.01115, 4., BLK00190
C 2HN 9 i4&0067 t,* CI,ýH ,8 15.9994,..2,t ??'F , 18.9984 ,1.is BLK@0000

0 2~E'20.183t ~ 2 'At 22.9,989 1*1 231HMG9 24.312 '2'BKol

E 2HAL% 26,QR1S 9 3.s 2HS19 28*0R6 , 4.,# 2P 9 10,97 3 8 9 5.. q BKifl22
F 32HS * 32.064 f 4.. 2MCL, 35.453 -~)as 2HAR, 39,948 , 0.9 SEK00230

6 2HK ~39.102 t let 2MCAq 40*080 s 2,, 2HSC9 44.956 9 3.' 3LK00240
H 2HTIt 47.9906 , 4*9 ?HV # 5-0.94? , 5., 2HCR, 5j.996 9 3., BLKan250

Sw 24MNs 54*9380 * 2.' 2 4FEI 55a947 9 3.* 2HC0, 58.9332 9 2.' BLKOO?60
UZJ 2HN4. 58&71i 9 2., 21RCU9 639540 9 2., 2HZNt 65.370 6 ?.1 BLK0n27nIK 2IIGA, 69.720ý t 3., 2M65, 72-590 , 4., ?HAS, 74.9216 * 3.9 8LK*0240

L 2HSE. 780q60 . 4., ?HBRs 79*9C9 9-- 2HKRv R-.4800 v 0.' SLK*029G
H 2MiR99 65o47 9 1.9 :2HSR, 87.620 9 2.,9 2H1 9 88905 # 3.9 3LK*0300

SIN 2H'4ZR, ;1.226 , 4s, ZHNB, 92.906 q 5,, 21*10, 95.94 9 6., BLIZ*01 p
?.TC# 99.CO6 9 7*. 214RtJ,101 070 9 3.' 2MHO1~020905 9 3.9 BLK*n3,fl

P 2HPD,Ifl6,406 , 2., 2NA6,l07.R70 9 1.; ?iHCO,112.400 9 2. BLKOO33
Q -'3HINo11l4.826 9 3a: HSN.'18.6?q v 4.t 2HS89121.?50 93, /3BtK4*0 340
DA1. ATEH/ 3LK'f,350
R 2HTE*127.606 t 4., ;?WI ,126.9044s-la, 2HXE91S1.300 v 0.# BLK40360
S 28CS*13 2 -90S 9 1.' 2 tHEA9j37o3& 0 1 2.. 2HLA913R*910 f 3., 3LK*037n
T 2!4CE*140*120 , 3., 2t4?R#140*907 i 3.* 2HM'D*144*240 1 3., 5LK*03Aa
U 2SPM4,145.OO0, , 3., ?PSM,150,3S0 s 3., 2'4EU,1519960 s 3., BLKon3ofl
v 2MGO,157.256 t 3*1 2'4TB9158#924 3*t ?S0YI162.500 t 309 SLK*0400

WE 2i*I09161*93n * 3.v #4rER*167.260 a 3,% 2HTM#168*934 9 3.n BLK*0'io
X ?A - 8R173.040 9 3* ?HLU*174.997T 3*9 ?HHW,17Rv490 6 4., BLK0n42n
y 2.-tJ9,0.949 f 5., 2MW SIS2.850 1 6.t 2hRE.185.200 9 7., BLK*04 30
Z 2HOS.190*200 9 4., ?HIR*1492.200 % 4.. 2HPTv19S090 s 4.. BLK*0440
A 2VAU.196.qf7 9 3.. 2'ImG,700.590 9 2" ' VTL*204-370 * lot 3K1K0450
B 2H842A7.190. , 2., 2t8B1,208a995 v 3.,% 2mP0.21Ce00 * 2.. 3LK*A460

C ~~T2i:00*0~ ,R,72O0 .: mFR;223.000 t 1.0 BLK*047O
a_ 0 !-~22*0 * .9 AC,227*0O4 B639 ?Tv393 . LK'04RA
z 2n'PA*231*0 0 0  * 5., ?HU 9238o030 v 6.v 2HWIP9Z3T7-00 9 5*9 BLK*00'O

21iU,242.000 * 4.* 2HAi.M243o000 s 34o 74C'A1247*000 4 3.9 BLK*0500
G 2"~K,249.O006 s 2,v 2MCF251.000 * 3., 21-ES*254.000 , 0.s BLKOOS14
Hm "..3.0 . 24'*N1256o900 ~I d/3Kt5

C SLK*0S51

J -3 iq.# 1 4 9!38F9.,JH t31iF4*I., v:;HF0.,wr t3HF;!.91H 13HF9*',1H 931IFBLK*0570
2gotim *348F9:,14 *3~4F~osI)1 s1H)/* F--A#F0tF19F29F39F49FS/1H 92H0,,283LK*05RnIL*O;



112
DATA FP/4XP* Af4HT14 v211 -*IN / LK*fl6no
1.FT/411T* D94HEG K94H4 #PH /qF14161*i Cv4HAL/Gi2m 41:1 / 'BLK*0610
29FS/483# Ct4HAL/(*414G) CK,24j /tFM/4H1t4 Mof,i10 jq2?lT ,1H / BLKirt620
3vFVI/dN(0LV94H/DLP9414)T t2H /%FD/4H(DLV,4f"Od.T92KWi.~,N / BLX*o630
4#FC/4M1CP9 .4HCAL/.4141G) (,2XK)/.FGI4HGAMM,419A CS92H) .114 / BLK0f640
SvFL/4MSON sNVELts4H?.ySE*2HC /BLK'0651)

c SLKO06EO
c INFORNATIoN USEC IN PERF0O4MANCE OUTPUT BLK*0670
C 8LK*06AO

DaTA FRI/4HPC/P/0 FCI/2HCFIO FN/41*'ACH94N NUM,4H4BER .j14 / BLKb6fQn
lFR/'f"CSTA14HRt F*4HT/SE*2R4C /*F1/4p1!, L94146SE94NC/LB91M / SLKfl700
2q0A/4141VACq4H*LS-i4HSEC/,2ML.B ,rFAji411AE/A/,FAZ,1HT/ 8LK*0710
EhO BK0ý
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300.4000 1000.0000 5006.004 FZP'qT CARD
ALMS J12/65AL 10 00 00 OS 300.000 933.000 1
0. 0. 0. 0. 0. 2
0. 0. 0.2?258601E 01 0.Z55~e4~AE-02 0.?5%63942E-36 3

-bs4t.9239q3S-OS 0.334S3'.56f-11-O.7725OU39F 01-0.100167E7F 02 4
.ALtLl J12/65AL 103 00 00 CL 9,33.00 BO 5000.00 ono
0*38145052E 01 0. 0. 0. 0. 2

-0.96116344E 02-0.1?51R952E 02 0-34185052E 01 B. 0. 3
0. 0. -09951168'41E 02-0017511P95?E a? 4

AL J121658AL 100 000 000 OG 300.000 5O000.000 1
O.2c;4506SeE 01-0.7515?512E-94 0.8?1A-701059E1 12ý1Q285qM-1t 2
V.3841R957E 05 0*53100256E 01 0.27964935E 01-0.124E8495E-02 OoZO733316E-05 3

-0.1;*.3776qv-03 0,421!Et.42E-12 0.Z%S6100S 05 10.41365I.26F 01t1
AL. J 6/65AL. IE -100t 000 OG 300.000 5030.000 1
0.25138516E 01-0.29UMO~qE-0t. O*20604300E-0?-O.S99e95?8E-11 0*620s;0860E-IS 2
0*1035q6Y6E 06 0.37021223E' 01 0*2500675RE 01-0*443t'.9'E-05 0*10158061E-0? 3

-0.97918t340E-11 0*33fS432SE-14 0*10860109E 06 0.377'4 96~gE 01 4
81.802 J UEE6*1 19 10 200 03 300.000 S000.000 1
0.flT229q5E 01 0.29?80?4iE-O2-0*12'3II07F-05 Q.231eP?7qE-Oq-O*Ifi0&I206E-I3 2

---0.67683S.Z2E 05-0.19S49242E 01 0*2308?234E 01 0.163SO519E-01-0.2063334BE-04h 3
0.10251324E-0?.0.169*e1283E-1il-066f.8216?E 09 0*14463F24E 02 4

ALCL J S/64AL ICI 100 000 fiG 300.000 580,00.00 I
3I.43?543350 01 OI8?02?6?E-03-G*49Sfi903!F-07 O.S51Iu717ISCII1O.53ZI3OZ4E-Is 2

.-0*696890112E 04 0.23323M8E 01 0.3332702TE 01 0.44t0477NtE-02-O0.6385801E-05 3
0.44387437E-0A-0.11170643E-11-0.6775;oo2E 04 0.73647189E 01 4

ALCL. J 6/6SAL ICL IE -10 OG 300.000 5000.000 I
0*43?38449E 01 0,192OS255E-03-0.5424720'E-07 0.R94'8382E-II-0.3'$401925E-I5 2
0.102316SEE 06 0.311S?1QGE 01 0,3?759844E 01 0.42774i16E-02-0,6405,1041E-0; 3

II24321E0-.1657-10*10251734E 06 0.70219518E 01 4
ALCI.F J 916&AL IC:. IF 100 OG 300.000 5000.000 1
0.64591361E 01 0.5O53Z271E-03-0,2SG52u1c~v0a 0.4i6S572QE-Z0-0.3402%?69E-15s4 2

.-0.62463,SS.E 05-0.33??419iE 01 0.35R1tq4?IE 01 0e114o557qE-f1-CoI459Sq2AE-0% 3
093411221E-08-0.2042!1534E-11-0.6i63q6'.1E 05 0.10i123?0E 02 1

51.CLF2 J 9/64AL. 10. IF 200 OS 300.000OO 500.00 1
OoBS214843E 01 0,1114691qf-02-0.51.51491CEE-06 z.2'EE1-t6~?6~1

-0*12250084E C6-O.t5t7SO99E 02 0,422133?:F: 01 0.tS1F7323E-0I-0*2335961?E-0', 3
~ 50.73068442E 01l 4

AL'4 J E4A1. 101 200 000 OG 300,000 5000.000 1
0.66933063E 01 0. 22ý-301'318E0 26983801E-10-0*14532160E-14 2 9

-0*3933626?E 05-0*3812l1S94E 01 Os43363146E 01 O.q9q637?2&E-c2-0,19OV'433E-O4 31
0.102?7235E-0?-0.260!77i2'-11-0.3936123,wE 05 O.rS382417F 01 4 0

ALCL'?+ 4 EiemA 101. 2E -10 00 3'10.000 5000.000 I
o.?17~6~oE 0 0.~47e~a.2-03-0.1453126IF-06 0.6F4I-10-0.14162627,F-14 2
C.51G~55  fC~.95133E01 0*47027704S 01 0*10475953E-01-0.1593996SE-04 3

0.I100Q905E-OT-O.?a333qs?E-t1 0.536055q4E 9S 0.213435t.9E o1 4
ALCL2- J E/68AL ICL 2S 10 00 300.000 5000.000
0,6676cz60L4 01 0.50E0-3013?~'-60.2i9!4C7qE-I0-G.2f31 26E- 2

-6*42352E6l5E O5-0s441!429OE a1 0.47601657E Di 0.ln1n22Y23E-r.1-0.15461?PgF-a4 3is

ALCL2F J S/64lAL 11.L 2v 100 OG 309.0G0 S000.0000fCIEc7 02I4691Eu.os''7sE:-~~s;7;o
0.91iS1571E 01 00 ;-3.3ohoe0.74305?14E-1fl-0*5211421DE-14 :

0. 0 0.1.t.''.~8  f120.173E50?1E-01 0.20031?677-04 3

ALCL3L J 3'E4AL ICL ZO0 6000 CL '45.000 5000.000 1

0*9iqcc0 ,Al78F3-.GkIE- -



115

0*133'tc264E C22 0.,.0 0. 2
.--- 0.EL*48A7Ž30F 05-0.S4Ce~2ll0E 07 O.l13a-526L.C n2 n. r

0. 0. -0.H(#4t7Z30F 05-0.5.61!2110E 02 4
ALF J '9/E4AL. IF 100 00o DC. 300.000 5000.000 I
0.4I'.3?o'.1E 01 0.43g4sEVI0E-93-C.16L.60515E-06 0.30502O1FE-10-3.212F23FSE-14 2

-0.32774410E 05 C.l0573240E 01 0.242369PSE 01 0.450?1164EP-OZ-0.5J444OI6E-O5 3
0.z4433A5oE-0a-o.282P32rA5E-12-0.32.E2q5q' 05 0.85613734E 01 4

ALF+ J E/6!AL 1F 1"ý -i0 OC 300.000 5000.000 1
0.'.193?IOEE 01 O*8999-3C*3~~i- 0 0*225c:132IF-10-0,1316.4A5E-14 z
0.7468?722F 05 0.24*i75601E '31 O.245?5430E 01 D.5061T403E-02-O,612t.8583E-O5 3
0.-,-2221552E-0S-0.5tu4a45C03E-I2 C.7q9gI2I0E 05 0.90922~1ZF 01 4

ALF2 J S/64AL IF 200 000 OG 300.000 5000.000 1
0.618042401ý 01 0.904eE677E-C3-0.!8R3293?E-OE 0.1192-00.1,17F1 2

-O.85071I57E O5-O*3qSS22~95E Di 0.31301792E 01 3.102"58S1E-01-0.1149*168D3E-04 3
0.514t401ýE-08-0.5;6t1E237E-12-0.843877g6,C 05 0.ID115P~35F n2 4

AL,?3 E/CEAL IF 2E -10 05 300.000 5000.000 1
0.68767776E 01 0.68 'Se80E-'33-C.20951540E-06 C.5;6OI3?7E-jO-O0.3qj467oIAE-1. ?
0.IB39132CE 05-0.10E25108E 02 0.3778728SE' 01 0.12332I01F-0l-0.1681605?0F-0'. -,

AF J 6/68AL IF 2F 10 OG 300.000 5000.000 I

0.I''OE0 0. ?!4,4-30.4092EE 0.7 f?4-0O.S26qFI 2U 0.q~riq 00.46S5S 01 .1393305E 01 0.3?0675'SE-0i-0*.4l056006E-014 3
0.*06I2512E-081 0.1327E E2E-12-0.8A3?6511E. 05-0.q10fL23F01 U?

ALF3(S) J.1 6/EAL IF 300 000 os 7M9.000 2500.000 1
F 0.0552E0 0.2045i-20..514E00.1 250E 00-.975*1 2

a0.14I5E 00.5e02E0 0.1.638921?F qx fl:?G53t441E-01-0.711360071E-04 3
-0.60?5478gE-07R O.I37Ef(eelE-I0-0.Iq33571QEF 06-O.226?34420 01
ALF3S -. 'S/65AL IF 300 000 Os 318.000 25000.0001
0.8O25236iE 02. OO9C2fC-C4S14EO 0.1 ECq5G6E-Oq-o.82q455 3E-1'. 2

-0.1343635?E 06-0*52e2029.E 02 0.4659215Fl 01 0.153iq3506I-Oi-0.72160717E-06. 3
-0.20754789TE-07 0.19z535agE-10-0.1~433571E 06-0.22?9231E.2 01 4

1111 J 9/65AL IF 100 000 OC 300.000 5000.000 1
0.3!3695613 01 C.149I76n4E-02-0.6434 386DE-l!L 0.92aE:?73E-Cq-0.8625S164EF-1' 2

-0*13001761E 05 0.30OF4232E 01 0.36376157E 01-0.1974456~E-0? 0.?2686633qR-C 3
-0.6101534704-08 0.192E3103E-l110.1O4fii.58 05 0.076V36ilE0 014
AIN(S J E/63AL IF 100 000 OS 300.000 3000.0001
0.477'.E609E 01 0.120I77i5 E-0?'-0.154q8670E'ý-06 0.3ES427F5I-09-0.362324r16E-I 2
C0.3n0016IF5 05 0.302323256E nl-0.36756!i57E-01 0.19744694E-02 0.6866332sE-05 3
-O6CI0FO .5EZ0E1 ,0448 05-0.15057t34EF 01 t

AL()J12/E2AL IN 100 000 us 300.000 5000.0001
0.477t8469E 01 D.2Cl4lel5OE-03-0.I2S483Q5E-9S 0.362074O!E-1090.3294?18A6E-IZ 2
-9,40062754E 05-0.2E45E703E 01 0.274??3flTE-01 0.1714'DC0E-01-0.1725j3003E-05 3

0.5-2g5I994E-08-0.55'40ZSSFE-12-0.5 4237390 05-0.315105473E 01l
£1.0 J3 Z/EAL IN 100 000 OG 300.000 5000.0001
0.407107it~E 01 0. c32Z200q4E-03-0.22583915Fi-06 0.420~?4)-E-1 0-0. 202?IAAE-14 2
0.5028644Ec 04 0.?145E70-SE 01 0.2Q4q71 n=c 01 0.3q210'4ZE-07-O.32SI340OE-05 3
-o.513I1q35E -09 O.2q33I277C-I2 0.SIZGEa6EF 04 O*5~2I4?2E5E 01 4
ALO. J3 S/6AL IC 100 -10 OG 300.000 5i109.P0D 1
o.*a$717174- D 01-.2582240E-02 0D.2860I3F-6 O.3 OCS74E-InD-O.3i62699IE-1. 2
O.1rqI005?3E 04 0.?7!4'300Ei 02 0.5'29.504F fl01 .'11t0447-Z0*aFo .3ýl15e76E-0o4 I
-C*2 lqq57E7 2  Oa0 O.0.i5t267F-12 0.11R5390CI6 04 .-~2.0 -:4.? 01 4
ALODC J3 EIE8AL 1C IEI -100 OG 300.00i 5600,0500 1
0.B6780q660 01-0.7e29827240 J-c'23E-02E .50?E-l0-.?455I99E-1. 2
-0.119030S3E O5-0.?731,2237E 01 0.SZ'.453300  01 0.1*1OC4730"-0x-0.3415973E-94 3
-0.Zi95?702E--07-0.'05SGE!0f-I1-0.Sl4331234 O5 4f9?iE0
ALfCL J3 S/642L 10 IFL 100 OG 300.003 Saoos000 I
0.74c2C 01 C.796f22ZF~.-u3-0.514?33355E-0E 0.SS~e?5F4-10-0.455I253¶E-I4 2

-0.7?74',i37F 05-C. ?12S~i77F 01 G.s?;-4;iq10 01 0.173'Aa-,F-O1-0.225370f~lE-O#4 3
0.124;.24SE-07-9.2 1 IC21i~F-11-0.7: Fglq3*%E 05 C.1360~77i1E 0? 1.

ALMH i1?/67t.. 10 IN III DC 300.000 5000.000 I

~O?0~0c0 .~~ F01O?12?E0 .~z~EC20?4?~E0033C?~ 01 0. ?E0-.26''-50.213 4??nF-09q-O.I36'9RIE-13 2



116
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0.16i8373GSF-06-0.61.qe~e33E-I2 0.866D40lqE 04 0,N30~k1cAE 01 1.

F- .j E/65F 15 100 000 O0 300.000 5000.000 I
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0.0. 0.15961045E 05-0.11524.'.eBE -01
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0.166q4.872E 06-0.30143149E 00 0.29?9854PE 01 0.419CS6M~E-0?-0.29Q4.003IE-cs 3
Co134.52306E-O8 0.20a81907E-12 041671t.4444E 06 0.73616124E 01 4.

MRCZ J12/64H 18 10 200 0G; 308.000 5000D.000 1
0,4.73A4511E 01 0.'.77la77IE-02-0.1a063'.94E-0S 0.314=?884E-0q-0.2073A3I2F-j3 2

:0.6q2'.333SE 05-0.3324.E713S-02 0.2S707566E 01 0.73Sf2f44E-02-C.40T3fi84.2E-06 3t 0.4.7059022E-09 G.Z!54ff93E-il-0.6R6241h1E 05 O.It!167320E fl? 1,
RCN J 3/6114 IC IN 100 06 300.000 50110.000 1
0.3741C-749E 01 0.3Z2Set.95E-02-0.12I0?57IE-C9 C*2Q523E2'.E-0q-0.I31902IAF-I3 2.

0,14.3qc272S 05 O.1B4t72liE 81 0*24'.7191qE fj: 0.87763A73E-02-0.1021*LR08OE-04.. 3
0*6909ft182F-08-0*17Cý1!4a9F-11 0.14.6534?qE GS 0.3gq~q2l3E 01 16

lIO 3161H IC 10 100 DCC 300.(k(0 51100.000I
0.3336,S72DE 01 0.33i1Z031E-02-0.129576ZE-D5 0.Z26?921DE-09-0.1t.852372E-13

-0.26'.10557E 04. 0.r3P7:2QE 01 0.17029190E 01-o.47SE1O~qE-04. 0.57306920E-h5 3
-0.4.0603E0 o0.6l "EIE-11-0.2fi24821RE n4 0.52070,412E 01- 4.

14cc' 4 94/661 IC 1n Ir -16 - 300.000 5000.000 :1

0.370t.31?PE 01 036~F0-.16D?-~01Z52E0-.1.33r1
G.Ijql~qiq7 n6 0.7?64=-(86V 01 ft.?4D0A17SE 01 C.Q47G0qj7E-0?-C.J232S029E-0t. 3
%,S73fi57SCF-03-0.?4046C1EclFII 0.101316c;OS 06 0.330160 4QF 014

I4CL .3 sf-4m ICL 100 000 06 3nn00.l 5000.000 1
0,2?665q5'.E 01 0.142e1P83E-02-0.4Siq93C00F-C6 0.1c48-0-C47IOtl 2

-0ol1917464E 05 C.f 4SeI49V 01 0,3cZ'.A:71E 01 0.Zqqp1LAAE-G4-Co86.2?18q1E-O6 31
8oO~71-RC'S~eQE1-.25SI 05 ý0,2395771XE 01

iFJIV2I84 IV 100 000 o0; 310.000 5000.000 1
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ý-G.,34-,Z.37 3E 05 0.3472EE4rqE' B 0-34614364F: 01 0.3$;5c.235E-Q3-0-1Oql1244E-OS
~ 09 O.ICQ4S7?OE 01

H402 J 31IaNd 1 10 :2Db 0n0 OG 300.000 50100.000
0.375662.RDE 01, .7 OV0-*11'70~0 0.171!P6E-0a-G.iIG21%C2F-i3 2
0.114ASS500E 04 0.4.A1Ti47 E 01 0.350944'50E 01 0.114SC0 10E*0? O.Si?84251E015 3

-0.7773r549E-06 0,296078A4E-11 0.13803331E 0'. 0.652?63!5E 01, 4.
142 3. S /E18i 20 00 00 O0S5 30t1.000 50J6.000 I
0.3100190!E 01 D-c111q4fi4E-o3 0.;64IEjO39~?E1 0.369a.;345IF-1f. 2

70.87706042-E 03-0.1q62q3421F 0O1i0.3015P.451E 0j * 1 e2O~0~.sOq6E0 3
o~ss1o31a~0a-ot~l273E-110.9q044E 3-0.2?90 7056E 01 1

1420(5) LiS'E514 Z0! 100; 0110 OS 200.0tJ0 273.1501

*0. 0. -O*3926Q330xE-01-O Oedsq2Ot42E-01 go.
0. 0.-p.35'l4'i581F 05 0.55q9t3raus 00o

1420(L) L1f465 20 100 000 OL 273.156 3:3.1501
a'. 0. 0. a.

0. . 0*1271 2732E 02-0.176E27'O0E-01-0.2255666iE-04 3
0.208'30q05E-06-0.240?ae614E-0q3-0.3?4,83200E 05-0.5ýý11534,;5E G2

1420 J1 316V1 20 100 000 OG 300.000 5000.0001
6.271.67633E 01 0.2A4ý1-1274E-02-0.E0224374F.-06 C.1O226682E-09-0.4S47?1L.5E-14 2I-0.2990542ibE 05-0.66305671E-01 0.SýO701275E 91-0.jloe4L'ýqF-02 0.4152.ii11CE-05 3

-0.2963?404E-08 O.80702V.03f:-12-G.Z02F?2j?2E 05-0.3227004;E 00 2,
Os I~ J12/65H 2S 100 0.00 OG 300.000 5000.000 1
0.28474103E 01 0,3~50-2f.L037-502'.?7i7S4E-03-D.i57a4283E-13 2

3 0*34z.6q975S 04 0.?47S1t.12E 01 0.3531i2Q3E 01-n.1321151%E-03 0.26517726f--05 3
.!-0.2i820E4%SE-C8 G.287e3??qE-j2- .3.6350ql7E 0'ý C.25161511E Di
H 138306 J12/64H : 3B 30 600 DC. 300.000 5000.0001
0*2015;3579E 02 O*120IE2'16E-01-0*S066q6V!E-O5 DoGO23-qV~iS21Et 2

5 0.28fo'.00?E 06-0.79C'e531Eý r2-fl.22705116E 01 0.a7324ei4E-01-C.q15$77l4E-0I. 3
0.'39445392E-07-0.36E5E3E-11-0.27569523E 0E 0,25SIC454S 02

5.HE L 5166HE 100 000 000 OG 300.000 5000,0001
50..2500QGDGE e1 0. 0. 0. 0.2

-0.7Lr5314q3E 03 0.915!4ME8 00 0.2'5000000E 01 0. 0. 3
0. 0. -0.74537498E 03 0.919334BM4E On 4.

HIEv. .- LIIE6SiE IE -1130 000 fiG 300.000 5000.000 1.
0125O~00a00E 01 0. 0. 0.,0 2
0.2i534266E 06 0.1608tE45E 01. 0.25000000E 01 0. no 3

50. 0. 0.23534.266E 06 0.166'34046t 01 4
K(S) JIZ/61K 10 00 00 OS. 300.0000 336.350 1
0. .0. 0. 0. 0
0. 0. C.,17263Z29F Oi-0.9n042772F-04 O.13ec;29r8`E-Q4 3

0.'9~82E070.133E-9-.616~QE03-0.2;234372E 01 4
KL'Jl12/,IK 10 00 00 DL -336.750 2000.000 1

0.326250-.AE 01-0.13113!7q2E-013 0.01S1E0 0.6?illD'OTE-10-0.5l1304S0 F-13 2
-0*525?523?E 03-0.q6002225E 01 0.442OZ~itE 0-.A45E6-20.616.q50i&E-06 '3

S02 (4

K i 6/62KC- 100 0n0 00P OG 300.000 c-000.000 I
0.2i5?3650E 01-0.1S33596wE-C3 '01324E06ý534W1 0.11945426V-1-3 z
G.QO~qQ531 c 04 0.46E4203UE 01 G34?4q9fiO?E 01 0.50IE1E.FlE-04-D*12?51224E-06 3
0.13540491E-03-0.511'e5;36E-13 0. 97863iICr 04 0.505E0418E 01 4

k3 J 2E(5K I E -100 000 o:; 300c.D00 3000.000 1
0.25000000E 01 0. 0. 0. 0.2
0.61096558F 05 0.~.3ZI-455.E 01 0.25C00000E 01 0. 0. 3
0.o 0. 1 o.elogf5gpE 05 0.413?0.5SE 01 to

i(CLCS) J 3/66K ICL 100 000 - DS Z,00.000" 1044.0130 1
0.1S57169O 01-0,20'Ž27271F-02 0.47310152F-Dc .0553E0-.12q~E1 2

-0.15 274 7 6rýE 09'-0.lo144P00E 02 0.53'S34311E 01 0.2651524?E-02 fl.O607565SE-06 3S
ý-0.502S18'.4E-08 G.40721,225E-1'l-0.54?483A4F 05-t3.21536E14E 02 16
XCL(L) - 3 ZIEC-K ICL 100 000 -CL 1044.000 5000.000 1
C.a~slfa"~E DI 0. 0. 11. 0. 2

-G.5336S418E 05'3.4001005'3F 02 0. 0. 00 3

ICCL *'J 3IEtK I1 -.L 1i0o n0n fG 300.000 500n.000 I
0.4 733~01 0.1222Scl0?E-0j-0.0Ij7192nfl-03 .24(15.1471E1

-C. ? 71FA Il3F AlS 0. 3?21l~ 01 D*3S'q085f'E 0102fP19~203~5D~5 3



0.2?52530&'E-06-0.SqCS41?9E-12-0.27080184E. 05 0.549'P'.?sEz a.

0.t3731'46q 01 0.199 044qE-D3-0.56A26iY'.:E-0,. 0.1041C356E-10-0.7029136AF-152
0.37491801E 04 0*32SSIC49IE 01 O.!3305t3nE 01 o.41q~2202E-e2-0.Gi235S9qaE-05 X

DI o.4C67;3fE-08-0.q9172?S4E-1Z 0.3q512q47E.C Ct. 0.R4?3015E at 4
K2 J12/61K 200 000 000 OG 3q0.000 5000.000 I
OA034905q5F 01 0.225'S6&06E-01 0.14957172F-C?-0.34511522E-11 0.34052376E-19 2

- 0.39?6067E 05 O.'.2568563E 01 0.444249133E 01 0-GS76-3C,02rqE0 31
0.1?0291E-09-0.32'.70554E-13 0*1394167FO 05 O.4q082S?E 01

ICZOCS) Ji 613U( 20 100 000 OS: 300.000 MMOO.0
0.86890?37E 01 0.19t;E4202365A *6O5374?271E-1a-8*10899423E-14 2

*-0-.46t.4q235E 05-0.3?5!S233f 02 O.Z4t4q65±E 0± 0.409670Z1E-0±-0*8205166SE-04 3

L ICS) J 6/62L1 10 00 00 OS 300.000 453*690i

0. 0. 0. 0. 0. 2
0. 0. 0.91618617E 0- 3~90 010.?4981854E-05 3
0.2645652?E-06-0.13Z039E-09-0.151399'3E 04-0.3035SS54tE 02

LIMI) J 6/62LT 11 00 00 01 t.S3,6qO 4000.000 1El 0.3611462E 01-0.18125283E-03 0.40743757E-07 0.265156!OE-11-0.115?2503E-14 2
-g74929732E 03-0.16252732E 92 0.33qssOCt.E 01 0,613Z5&44EF-03-0,483Q76's6E-05 3
0.61290368E-OR-O.234003406-11-0. S74931!2E 03-0*.1R5F623SE OZ 4

Ll J 6162LI 100ao 000 006O 300.000 5008*0001
0.2473?S!4SS 01 0.t742SZ4IE-0t.-0.937?35?3E-0703 252E1-.?590E1 2
0.18568056E 05 0*2563a3288E 01 0l.25103738E 01-0.7ý1235739E-04 9.1661256?E-06 3

-01504EC .7314S268-13 0.13631670F 05 0.234024.53E 01
0l 3/t5LI 16 -100 00') OG 300-000 5000.008 1

0l.25000900S 01 0. 0. D. 0. 2
0.8189906eE 05 0,174CE17PE tJ1 C,2500C0060E 01 D. 0. 3

D. do 98189906PE 05 0.174061706E 01 1&
LTCI(S) J VU621 ICL 100 000CtOS 300.000 S33.eCOO 1

0. 0. as i).a 0* ?
Do 0. 6.41095245C 01 0.814A100E-O2-0.1154187&E-O' 3

I lO.i0533EE-67-0.3647022E-*I-C.506O926FE 35-0.132C~EPS4E 02 4
LICL(L) J 6'6?LT iCL 109 000 OL 30 20001
0.821494rE 01 C.56ZS1361E-G3-0.1?35932!E-D5 07553EQ-.3S4712 2

-0.50007322E 05-0*338eOMIE 02 0.10 393GZA 02)0.t.717665EE02-0.1613031?E-05 3
0.80807i?'.E-08-0. 45943E-1I-.5093ý?i20E D-a.494211DE 42 4

LTCL J E/E2LI ICL. 1P2 000 03 300.b00 5000.000 1
0.t2?21*3501 0.31400'91E-03-0.10!23~ )-06 0.184S R3t--01971E4 2I -0,24834442E 05 04102ýS56q2E 01 O.Z 0i69065 01 0.S33386i42E-02-C*656?19?9E-G5 3

0.385016E-0-0.?1I~t5~E12-07i501 DS 05 .7315OZ21E 01
LIF(S) Jl?/E311 IF 100 400 5S 300.000 1121.300 1

0.5?93?896,5 01-0.499SE72SE-03 C0.1-7570S5iF-D5 9~235~-30I6qF 11 2
-0.755IZ641E 05-0.MS4Z'32E 02 0.17624.503F 9±01?507.-I024~R-t 3
0.Z22 3192E-07-0.63974830E-11-0.748163Ot.E 05-C.93i?5qD3E 01 4
LIM() J12/EZLI IF 100 000 CL 1i?1.33J0 5000.000 1
0,77191711E 01 0- D. 0. a 2

-0473822749E OF-038W13129S 0Z 2. 0. 0. 3
0. 0. 0. 0.

LTF J12/63L.1 IF 100 0109 0C 300.000 5000.00e I
0.4047661cE 01 0.r-6142S55E-03-G.20Q?77763E-B6 0.19I60Oc17E-10-D.?7j0764E.I4 2

-6,41317AG1E 05 0.t,5ea5S5?75 00 0.? S233iý6E Cl D.3A42t343E-02-0.29a5264!S-fi5 3
0.24730751E-03 0.43954484E-12-0.t.1005CglE 0)5 0.6?357lf5E 01 4

LIFO JS /ESL1 IF 10 100 U5 300.000 5000.000 1
0*599261095E 01 0.1113qCDE-02-0.478884193E-aE G.91SES33?E-tO-0.Sl849123E-l'. ?

-D,131g~qA9S A5-0CotS297E65;F 01 0,2SO017qDE 01 0,1I26E717P-01-0.14157153qF-04 3
0.64506i37tE-08-0.T42E1431E-1Z-0012?65534.E 05 0.1212045SF 0? 4

1114(S) J 9 /E7L1 1IN 110- 020 OS 301.000 q5l.800I[ 0. 0. 0. 0. 0 2
Do 0. 0, -S11912E 00 C:12127O57E-01-0,86*00336iE-05 3

0.5~1i55ECfi0.1e~rs3EIz-~u'86q~s05-0.306G'.575F 01
3. L4(1) J 0/6711 lIN 100 000 OL 961.800 5000.000 I

0.749AliqlE 01 0. a, 0. Do 2
-0.115i31326 05-0.400472736 02 0.74SS1191E 01 0. 0. 3I

0Do0 -0*11SU8126E 05-0.4OO4727PF 02
--T --- J SIM7I 1IN 100 000 06 300*000 5000.000 1
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!I.5sAzq7 o o.o7~ 1-OZ-0.4Ox94SAMT-06 0.71?A54:7-10-04492 644UE- 14 2
0.1r-7176?cr. 05;-0.3'Ap205OF 00 0,34?0'34ftSF 0-.73E1*56f8E05 3

-0l.62130348E-03 0,2152115SE-11 fl,15534q4SE 05 0.Z0525?14F 01 t
LIN J12/6ELI IN 100 000 OG 300.000 5000.00 I
0.'.225AO77E 01 0,9E17-30!4~9Eb C*23174?S9E-10-0*IS8519I?E-I4 2
D.3391E-952E 05 0*637E!563E 00 0.24594300E 01 0.2154-7'.aS01~5 3
0.372~8499?E-08-0.72355143E-12 0.30216373E 05 O.72?7rt756E 01 4

LIT J ZIE'.LT 10 100 000 OG 300.000 5000.000 1
0,41576209;c 01. 0*411e'74E-03-D*1452029fiE-06 0.2T253OOE-10-0.lAeBI.?75E-1t. 2
0.S77qS5s5oE 84 Do1218263nE 01 0O2.2:89007lOF 01 C.5153Rfi26E-02-D.63082362E-05 3

0.143SE-5-O~1E133E-2 .'q054314F5 04 .Q73qS545q; 01 4.
LIG- J1'IfiLI 10 IE 10 00 300.n00 5000.0fl'1 1
0.41810?17E 01 C.417tS00F-02-C*150248&3E-06i O*SS?2-OCt?9~EI 2

-0.93S4qI702E O4s-0.155SSS10E 00 Ii.285iS56K~ 01 O.i91~c889E-OZ-GS95I.7475E-05 3
0.303qq451E-08-0.478729qE-i2-0.q0778a76E n4. 0.6.4Fi7lff 01 4.

11014(S) J 31EELI 10 INI 100 OS 300.000 74.4.300 1
0. 0. 0. 9. 0. 2
0. 0. O*F36t.0356E-01 0.3o407EEOE-01-0,440.3400SE-05. 7
0.3069210EE07-0.66t.3S71SE110-.593313ta0E 05-0.257S40S4E 01 4.

11014(1) J 3166LI 10 IF, 100 01 ?'.5.300 5000.000 1
oIO4.36.979E 02W 0. 0. 0. 0. 2

-0.60109250E 05-0:5164.1166E 62 0.104.36979E 02 0. Do 3
0. 0. -0,6E0109250E O5-0.53654I1E6E 0Z 4

LION J 21EELT 1.0 Iii 100 00 300.000 5000.000 1
0,4.0466064.E 01 0.23a24t52E-02-0.82302?24E-D6 012~6Ea-.1?51-L

-0.31(003210E 05 O.22ES0~447E 01 0,3256933CE 01 0.304~40910E-02 0,25311663E-05
-0.55730639E-OS 0.25.7E5240E-11-0.30?30637E 05 0,66566487F 01.5
LIMN J 9/66hI 10 IN 100 OG 300.000 5000.000 1
0,5%123496E 01. 0oiZ87062SE-02-0,55.667710E-06 0.0197-q07qO4FI 2

-- 0*O19692302E 05-0.43578?02E 01 0,36701161-E 01 0.725;CEll77E-02-0.5a651146E-05 3
0.1162831ZE-08 0.4.2704122E-12 0.2027170l3E 05 0.666S3305E 31 4

-L12 J 6.'62LI 200 000 000 0 S 300.000 5000.000 1.
0*45.338756E 01 O.?2a2S4j5.E-03-o.24SjqD24E-07 0.3q94AP2DE-11-0.2283S5.c2E-1S 2
0.21s00SF47E 05-0.17116S95E 01 0.3?41891'.E 01 0*31?.62941E-02-0.4.633rO63E-0S 3
C.3Z61A304.E-08-0.S5Z0e2i6f-I2 0,24142196E OS Da1695.0721E 014

-L12CL2 J 6/2LI 2C1 200 000 00 30G0.~00 5000.,000 1I0,9524.5614.E 01 0*524S!835.E-03-Q.2237q4qF-oe0,49I14- 0,9230F 2
-0.C?4gqq263E Z5-0*20045.824E 02 0.52801351E 01 D.jI3e4lOOE-01-0.25?%i9448E-0c4 3
0.20313359E-O7-O.53433247E-11-0,7*.160003E 05 0.26612705E 004

L12F2 JIZ/E311 20 200 000 CS '300.000 5000.000 1
* 0*0 225.1415E 01 0*87De35Z2E-03-o.3?82876EF-06 C.725IJ6822E-10-5.51157943E-14 2
-0.11450290E 06-0.2131'S163E 02 0.3S813313E 01 0.2 905 5-E-01-0.'36100&532E-04 -3
0.25.668598E-0?-06Z670E615E-11-O.113365a&E 06 0*5355.2155E 01 16

LIZ0(S) J 3/=5.LI 20 10n 000 OS 390.000 IA43.00G I
0.4.2774776S 01 0.73521E72E-02-0.5;2225090E-OE-0.I,73E4126E-0R 0.93q6x035E-12 2

-0.73396Z?aE 05-0.21?E5'.91E 0?-0.3172723qE g0 0.3fiI4 0356E-0I-0*554l55Q21E'C4 34
0.417965.37E-0?-0.11a05.O45E-10-o.r106IqfSE 05-0-22888330E 01 4.

L120(L0 J 3/EtLI 20 100 001' OL 1843,000 5000.00tI
0.12076931E 02 0. 0. 0. 0. 2

-0.7133F921F G5-0.65I74S?4E 02 0. 0. 0. 3
0. 0. 0. 0. 16

L120 J 3/EA4LI 2C 100 000 00 300.000 5000.000 1
0,66lqA74SE 01 0,'?i7q1443E-03-0.4t49050fiE-0 G.716i77Z2E-10-0.54q6292E-14. 2

-0.?22?5c329E 05-0.O~lP:5.7zE 02 0.3972170*cE 01 0-?EOI-Zq.9564EG 3
0.431O-807EeBO-302~fqS 05 0.253S1411E 01 5.

L1202 J Z/E5.LT 20 290 000 00 300.000 q100.900 I
O~l2T2B 01 OS3C210I3f-fl3-G.2'005fiG?E-06 0,.02COME-10-0.310187OZE-14 2

-0.3?13?434.E 05-O.21?Z27?SE 02 0.55375232F 01 0.I73442Z3E--O1-D.271Q7O71E-04 3
0.1 ~-2ýEO-vI07q?-10.10n4 f5-0.27qj475QE DI 5

L1T2nH? J 2/EEL! 2C 261 200 00 300.000 5000.0001
O.M.121A.601 0 Ox 0F.0e23S35-02-0.22032AqE-OS 0.7cOl-a-.ko ?S-
-0Q1459~3042E 05-0,21057433f 02 0.28083-7VcE 01 C,25.qEq7cDE-Oi-G21bfl3Z25E115.
0.63289722E~-08 Osfi.22127ZE-12-GS3070S70E GS D.Qq5.c2OO5. 01

113013 J1 6/62LI 304. 300 000 00 300tOOD0 5000,00n1 I
0.1431l'.40c 0? 0.188lý00?E-02-0.E1'7?ft33nE-O~0.1?56.-~011q? 1 2

-GC.1255iSSIE 06-0.5.272417SE 02 .0.4574595SE 01 0*397422SE-01-0.S55082IIED'. 3
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L13F3 4121.63L1 3F 3030 000 OG 300.000 q5000.000
M.30q14.17F 02 O.3?37'469'E-02-0.1430089?E-05 2

-8,.ft67Q660OE 06-0,41168173f 02 0.l4i52352E 01 0.43623C00E-01-§.5!29O4.P2E-0f. 3
0.23j6S560E.-07-0.4522010AIE-11-0.1i41Zq06iE 06 6*163347'.2F 02- 4

VG (S) J S/e2t4G 10 00 cc OS 300.0000 q22.000 I
0. 0. 0. 0 0. 2
0. 0. 0.201847711E 01 0.227.E0-.q60q-5 3
0.8t19452SE-08-0O*?353e706E -I -0 *772&;6715E D3-0.8A1'12l?!F 01 4

PG (L I J 9162MIG 10 CO 00 CL qZ?.000 5000.000 I
O .?S5?O51FE 01 0.I3Ge3c66F-0? 0. 0. a* 2
0.2?86e3D0E 03-0.10f.33e17E 02 0.26570516F 01 0*130S39(6E-*O2 0. 3
%1. 0. 0*22569300F 03-0.10423C'.7E 02 4

PGJ 9/62'IG 100 000 000 OG 300.000 5000.00 I
0.?41A'i605E 01 0.149ec9!1?E-10 0.91656165E-1r: t
0.17033f9g2E 05 0*40641123E 01 0.249SA75if 01 .86pE0-2'1320? 3
0.26287SM8-10-0.103U881iE-13 0*17008321E 05 O.362E3633E 01 4

11G+ .iae67IG IE -10 00 OG 300.000 5000.0000 1II ~0.25051.82BE 0i01I'60-40.12102317E-07-0.34320303E-11 0.346S34?3E-19 2
0.105714.37E 06 0.426E535F 01 0.2496167;E 01 0.2?410?R8E-0I4-0.68663?80E-Or 3
0.216f-002S06E1 0.1057i774E 06 0.433073?qE 01 4

MGCL J 3/EEMG ICL 100 000 BG 300.000 5000.000 1

0.&-37?5833E 01 0*1885173!E-03-0..5445392E-07 0.q94!I031E-II-0.66q49611E-ls 2

-0*65830326E 04 0*9632 01. 0.33800534E 01 0A'2AI13389E-O?-0.6445733SE-05 3
S0.44t.7.291E-08-0.11L421727E-11-0.63826560E 04. 0.flI5832?E 01 16

PGCL J EESM: ICLIE - 0 G 300.000 5000.000
0.635t?341.E 01-0.379E7190E-02 0.24712ql.5E-05-0,50523653E-09 0.336T262SE-13 2
0.76450579E 05-Ov.830M540E 01 0.2601223OF 01 0.347SIS5qE-02-0.51353143E-05 3
0.3L444633?E-08-0.83148206E-12 0.7?314688-- 05 0.61207176E 01 16
(G CL 1 J 3/66MG 1CL IF 108 00 300.000 5000.000 1
9.65536109E 01 0.49SG2794E-03-0.212b55fiE-DS 0.4031.2qC7E-10-0.2119821.w-14 2

-0.7052?498E 05-0.6161039BE 01 0.39675363E 01 0.IO1.cS156E-0I-0.I484I.618F-04 'I
0,947?7313E-0a-0.2222?485E-11-0.6g5?4510E 05 0*61.2!0826E 01

?Ii MCL2(S) JI2/E5t1: XCI 200 000 OS 300.000 q87.000 1

0. 0.o 0.514491296E 01 0.1B71.5224E-0I-0.2S59569O7E-0t. 3
a.1qjli5T3E-0T-0.5105SS014E-11-0.?q343a94E 05-0.24'610IME 02

MGCL2CLl J12/EStIG ICL 200 000 at 957.009 5000.0001
0,110?l10.SE 0?! 0. 0. a, 0.
-0.762941.SIE 05-0.41%97258SE 02 0*11O7104AVE 02 0. 0. 3

ON0. -0. -0.762946186 05-0.4q725eBS 02 4
m GCL2 J12/65M1G ICI 200 000 00 300.000 5000.00a 1
RE ~ ~ 016qQ~g C0.!1055850E-03-0.14507415E-96 0,2727727DE-10-0.1858~9S9E-14 2

-0.5CU1.90o3E 05-0.577?E!E97E 01 0.f.471q6q7F 01 0.q26SSE74E-02-0.13850181.V-04 z
0.9363go25E-08-0.2351E224E-11-0.49a74392E 05 0.4k9'.6211E 01 4

let GF J 3/E7MG IF 100 000 OC- 300-000 5000.000 1

RE0.4.2110735E 01 0.76113259F-03-0.13239rS3?E-0G02&6-O01910'E 2
-0.2ROSAA32E 05 0.231451!3?E 01 0.2q6641939 01 0.51 5S~i~E-n2-D.65D86p64E-cs 3
0.6009-30617l6E1-.7532 05 0.3q5E1.7sjF 01 4

NGF2(S) J 3/66MG IF 200 000 OS :t00-000 lS-6o.000 I
0*66953750E 01 0.4 42IB-201O384-50532OS0 0.31219F?5E-!2 ?

-0*137361.74E Of6-0.124SS9~0E 02 0921304PtOE 01 0.ZA5272IC-01-0.494195513E-01. 3
0.3394A644E-07'-0*9 *5-4A251F-11-0.1367847RE 06-0.12050?a4E 02 4

?'GF2(L) J 316EMG IF 200 000 01 1436*000 S000.000 I
0.113578'V9E 02 0. 0. 0. 0. 2

-01402?E 6-*;0143E0 0 .0. -

0. 0. 0. 0.

MGF2 J Z/66t'G IF 200 000 OGC 300.000 S000.000 1
0.64294.668C 01 O.-SS;)F0-0289r-Z-S0.531!02fE-10-0.37A12854VF-14 2

-0.,Aqk2E.61E. 05-0.I03U07t44V 01 0.Z7706??1' CI 0.0e3l-1O*lq?1EG 3
~ 05 0.70214053E 01 4.

I~iJ1Z.'eEEG Iii 100 000 00 300.000 '5000.000 1
0.34638591F 01 0.2~t05-20528~l~60q¶84-C06136r1. 2
0.1~117631CE6 5 n.2.ý45865E 01 0.!51023q7E 01-0.121EB352E-02 o.6421.6gqSF-05 3

-0.6:5051.34EE-08 0.?2CO1625F-11 G.zq2S3Aq3E 05 0.33SOMAPSE 01 4
__ a3/E4.'IG 1N- 100 000 00 300.000 5000.0109 1
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0.333'ý?q3lE Oq 0.??188Pl4E 01 f1.2aAq4S40Fj 01 0.517571?SE-02-0,695 '*9016E-05 3
0.3?2iR433E-Od-0.7?3%S9Ed.E-I2 n,..'6810c~aE 05 0.9284424:?V 01 4

rMCS) J.2,,fE5tli3 1n 100 000 OS 300.000 3096.000 1I0*5I12fllq8E 01 0.j7231f64E-O2-O.q0268AIAE-C06 0.2fi460605E-00O.0*253 O67E-13
-0.74034.363E 05-0 4 26784361C 02 O.47,'.033qE 00 0.Zi441338E-Ol-0.33453G71E-0'. 3
0.243'47437E-07-0.66576961IE-11-0.71I54Z22$E 05-O.'S4?4.?4E 01 4

HGOCL) J12/E5tIG 10 100 000 OL 303A.GOO 5000.1)00 1
0.?2964786E 01 0* 0. 0. 0. 2

-0.6774402SE 05-0*38262761E 02 0. 0. 0. 3
0. G. 0. 0. t.

PG0 J12/65Hs 10 190 0ng as 300.000 5000.000 1
0.40654306E 01 0.91.784296E-03-0*1970475RE-06 Co36606637E-10-0.25102520F-I4 2

-0.81403801E 03 0.3102oq30E 01 0.28442?075F 01 0.410~55545E-02-0o.35061Z'9E-05 3
0*72865498E-09 0.277e302tE-12-0.L49777511E 03 D.q3349o51E 01 4

?.GOH .j E/67a4G 10 IN 100 06 30n.000 5000.000 1
0.4432560EE 01 0.25l1I!E,9E-O2-O*9I5S7753E-Ofi 0.15151~4E-dq-0.q375S590qF-14 ?

-0.2??s55a5E 05 0.25S928925E 00 0.16842602E 01 O.Iln914R4nE-0l-fl.87026qq3E-05 3
8.133361ZEE-08 O,94?23?JiE-IZ-fl.27O8I380E 05 0.141S0867E 02 4

NSCH+ J F/Et415 %a 18 IF -15 300.000 9000.000 1
0.*47424330E 01 O*2?C7-2OA3R3EO 0.13175298E-04-6.8232'4E0CE-14 ?
0.?0323806E 05-OolSE12567E 01 0.17246q3ýE 01 0.I12?1006S-O1-0.t4929I46E-a4 3
0*?34I3?88E-OS-0*10182EIE-11 0.70977871E 05 0.12q33122E 02 4

HGOI12 J 6/67MIG 10 2H 200 06 300.000 5000.000 1
0.7326q2j0E 01 0.49270274F-02-0.1?021108E-05 0.304E020PE-09-0.*A9535992F-13 2

-0.71117M0E 05-DolO~cj~q7E 02 0.427692RAE 01 o.t56eOo23E-0I-9.I556R5?7E-04 3
0*744238?6E-08--0.108E74SIE-11-0*1043i'934F CS 0.44AS9763E 01 4

- N /361N 100 000 000 06 300.000 5000.000 I
0.?450?6R2E 01 0*10661'.58E-03-0*74653373E-07 0.4i54-001233E1 2-
0.56116040E 05 0.444!7551E 01 0,25030714F 01-0.21500151E-04 Co54Z05237E-07 3

-0.56475602E-2.0 0.20SSS044E-13 i3.56C98904E 05 0.41675764E 01 4

NF J 6/65N IF 100 000 06 300.000 5000.000 1
0.3862404EE 01 0.74f.05S96E-03-O.2q3O4l7EF-O6 0*551200Z2E-10-0.3R3lO2AE-14 2
0.2R66qV390E 05 0.34S70237E 01 0.30480680E 01 0.195EEAE7E-02 0.943?2448E-060.q363o4 3.3044-102~I3F0 .q~3~ 11

ýNF2 J 2/E4w IF 200 000 OG 300.000 5000.000 II0*5718658tiE 01 O*14102822E-02-0.60443q6;E-n6 8.i1l4ýlq11E-0q-0.80536'.31E-I4 2
0,30q99?96E 04-0.344ES259E 01 0.25009872F 01 0.10721062E-0I-0.9206'.150E-0S 3
11.19027666E-08i 0.712'.S647E-12 0.3q376q5L.E 04 a.12Qc4D4 ?E 02 4

NF3 J 3/64N IF 300 000 OG 300.000 5000.000 1
0*79754915E 01 0.224?716E-02-0.9707?514?E-06 0.14SS10t.2E-0q-O.13G66q45F-13 2

-0.181519REE 05-0.1563iZ4alE 0? 0.12579a7EE nl 0.2435E7895E-01-0e?70~33511E-04 3
0.21605EC7O.352l-7-0163S6.~E05 0.1391355Z4E 02 4

NHJ12/65N 18 100 000 06 300.000 59000.000 1
0.277415806 01 C.1317j!33F-OZ-0.3131970N-06i 9.541'4214.6E-10-0.24838332E-14 2
0*39959049E 05 0.57923234F 01 0.2488qS32E 01 0,2q02S51qS-03-O.134567fiSE-0S 3
O.?2934I331E-0A-0oo57S754GE-1P 0.3q?14703E 05 0.156540ý6?E 01

NH2 J12/65'1 Id 20e 000 OP 300.000 5000. 000
0.25?6q5Sg.E 01 0. 35896oqoF-O2-O. !?2?f)3?A;-05 0. c456--9.I?3'aIF! ?

0,1~3533S12E 05 C.79074ZqOE '21 0,403857919 tI1-C.100O8163E-02 0.4e12090AE-n)5 II-0.230553123'-05 0.3qC22ý37--12 0.13973010E 05 0.524942MS 00 4
K3 S f65N 18 301 000 06 300.900 SO00.0l; I

0.2416r,177E Pi O.1.1871?116-02-0.2I ?85136F-05 O,7SO5-90.44,SEi 2-I-0,64747177E 04 0.7701.!45?F 01 0.3591276e'E 01 0.41)3?8FS3E-03 0.8344-3?2F-0q 3
-0.83833385E-08 D.?72SS0926-II-0.E67j71436 04 0.?25?0:?EBE 014
No J 6163w 10 100 000 06 '%00.000 5000.000 1

C.9424129CE 04 0.6745f12SF i21 0.4'3453521E 01-0.341'1?'13E-02 q.79t'151906-05o3q00e 0101328E03.?cV5~6 ~~13?-006573E1
-0.6I3~36E &3 0.5510766-1U 0.9745lq34E 04 0.299'4385E 01 4
NO S /EEN~ to IF -100 06 3n0.C0 50OO00.00 I

0.248539488F 01 0.1521?119E-02-0.57521241E-060.0 116O- fl44Ei 2
0.l181102%SE 05 0.70027llq7 1)1 0.366AS05e6 0101942F0 0.21751605IF-05 3

-D.48?Z747ZE-O;-C.?7847*fl6E-j2 0.21R0316ýE 06 0.3177.?3?4E Al 16
NOCL J121f'N 10 ICL 100 0: 190.000 5000.000 1
fl*541q5;72F 0t1,1 3FqF0-.f86* IF0 0*7:26-q08001E1

O.4Z17¶3A1 040.11~5 O0n 0.4q2?8030Ar 01 0.59L.?(.5ZqE-02-0.556203E6F-05 3
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0.?035S43?3-04-0.fi6l?t.9sE-'.2 6.~44n344A0E 04. 0.60647?3?E 01 4
NnF J 6/61N 10 IF 100 OG 300.000 5000.000
0.5i90S66F 01 0.146263EUIE- 'q-0.100q741qF-13 2

-0*967SA16I.E D4-0.'.2208'.?EF n0 0.3?q020?ODE 01 0.7404S5'93E-02-0.661Q5C'03E-05 3
~ 04 0.A149118SE 01

N02 J S/E'.N 10 200 000 05 300.000 '000.0001
D.46240771E Di 0*2S2EO332F-02-0.Io60q'.qjE-n5 O.1qS7q~jqE-oq-V.I37q93A4E-I3 ?
0.223q99ooE 04 0,1322413SE 01 Co34589236E 01 0.206'.?064E-02 0.66$660675-05 3Al -0.995556725P-08 0.36lq588tE-11 0.21152265E 04. 0.431169a3E 01 16

NO?- J12/6514 10 2E 100 fiG 300.00 50900000 1
0.50?9442?F 01 0*ZC!E0??2-02-0.5SS23762E-06 .1C09EC01741Fi$ 2

-os4503qgCFE 05-O.16367650E 01 o*2q4a45?&E 01 0.51936832E-02 0*24205126E-05 3
-0.75?58344S-08 0.! 5??493E-1I-C.'.43I?583E 05 DeWS~23S9F 02 4
NO2CI. J12/65N 10 2CL 100 CS 300.000 5000.,000 I
0.7206213PE 01, 0.q~~q-2CI6IGE0 D.23754750E-Dq-0.If5?484SE-I3 22

-0*11366123E 04-0.992SE6?S7 01 0.3'/TC222SE 01 09145'*S9ZOE-01-O*II64S9?OE-0f 3
0.2S89013qE-C$ 0.645MB481-120.6'04 01 0.11618c9QF 0P 4

N02F J12/ESN 10 2F .0i0 OG 300.000 5000.000 1
0.6i63Q16GE 01 0.?3354437F-02-0.I4I562q7E-Z: n.Si22Eo-oI5I0EI 2

-0*15;6?128?E 05y-Oeq58OE214E 01 D.2?h24380E D1i 1 ?5-1o.3i.3E0 3
0.32719525E-08 0*S91t44703E-I2-0el4364205S 05 0*14218SS6E 02 to

142 4 S/65W 20 00 00 OG 30n.000 5000.000 1
0,289631,94E 01 0.15154866E-02-0.57235277E-06 D,99dC73S3E-I0-0*6523555S-1a. 2

_-C-.qq5-3684E 03 0.6161514SE 01 0.2674A261E 01-0.1209115D0E-02 0.2340102E-05 3
-0.63217559E-09-0.225??253E-12-0.106i1588E n4 0.235M0424E 01. to
142C J 6/6614 2C 100 000 DC 300.000 5000.000 1
0.59145719E 01 0*17176f78E-OZ-0.73057492E-06 0.13512q07E-09-00.6,5f0216E-1*. z
0.'.q654947E 05-0*73SEO0 q6E 01 0.28823173E 01 0.10SEI80E-01-0.10393571E-04 3
0*38588460E-08-0.1?32420uZO-12 0.5047467?E 05 0.50410039E 01 4

N2!F4 J12lb5N ZH 4 00 000 OG 300.000 5000.000 1
0*509:4777CE 01 0.932SEIW-0~2-0.!3626O86EE05 0.5630830e.E-O09-0.35859661E-13 2
0*9299;664&E 04-093595MZ5E 01 0.7q303836E 00 G*217J!POS7E-0I-C.I34S6754E-04 3

-0*12698753E-09 Oe2SP65M1E-11 0.10379887E 85 0.14248616E G? 4
1420 J12/64N4 20 100 000 nG 300.000 5000.000 1
0.4?30667SE 01 0,28258267E-0Z-0.1155R115E-05 0.21263M8E-Z9-0.i'.564.0AE-13 2
0.8161768?E 04-0.171510735 01 0*2613~1q5E 01 0*86439616E-D?-0.68110624E-05 3
0.22275377E-05-0.S0650230E-13 0.37590123E 04 OAM2ES652F 01 4

N4204 4 S/6f.N 20 400 000 OG 300.000 5080.000 1
:10.10506637E 02 0.5872!26?E-02-0.24766296E-05 0.46556024E-09-0.32402082E-13 2

-0.25609096E 04-0.262522305 02 0.36662A69C 01 0*234ql748E-01-9*I6C07297F-0'. 3
0.11845939E-08 0.20001614E-11-0.90631797E 03 0.93q73337F 01 4

NA(S) 4 e/E2N4 10 00 00 05 300.000 370.950 1
0. 0. 0a 0. 0. 2
0. 00 0.1850 01 0. 97SlaS9E-03 0.10583331E-04. 3

-0.71qI4730E-0g-0.5226EEISE-11-0,s357s157E 03-0.821572ACE 01 4
N4AM) 4 6/62NA 10 00 00 DL 370i-OPO 2000.000 1
0.40097373E 01-0.129Z!154E-02 0.4244391AF-06 0*5231127ZE-09-0.153396802E-12 2

-0.7811%472E 03-0.153E6121s5 02 094SE732?r'E 01-0.?25?ý7104F-fl2 0*14A'.0018E-09 3
0.3At~qCO20E-10-0.;25808'.5E-13-.0.9'219065 03-0.18377804E 02 4
KA J E162NA 100 OCO 000 OG 300.000 9000.000 1
C.?562307aF 01-0.13S6!?A4E-03 9*.1129?70AP-06-0.42lC773?E-10 0.67057055E-14 7
0.121937AZE 05 0.38S57727f 01 0.24881226C 01 0.85426102E-04-0*21514.228E-06 7
0,22671337E-09-0*85125266E-13 0.12215904E 05 0.4?804t3q5 01 4

NA+ J 3/65NA4 IE -100 000 OG 300.000 S000.000 1
0.250GOODOG 01 0. 0. no 0o 2
0.725Oq~t?OV 05 9.735274.014E 01 0.2500000OF 01 0. 0. 3
0. 0. 0.7?599330E OS 0.3i374014E 01 4

1CACL J12'64NA ICL 100 000 0ý 300.000 S000.000 I
0.4421?'931E 07. 0.15C??24IE-93-0*2Al105333E.-n7 04157-1-.R35EI 2

-0.2317090ef 05 C.2?f?fIq4F 01 0.210322ASE 01 O~Ic(CE0-04940E0 3
0.3146'q2I8E-08-0.0417521F-12-0.2'02.127AE CS 0.57603341F 01 i

NAF i fi/e'.NA IF 1on Ono OG 3no.cioO 5080.000 1
0*.4334.4q45- 01 0.2579S0'.F03~-0.75F72062C-0? .421-0079934E1 2

-0.36621?73E 05 0.127e2l;4AE 01 0.318085785 010'q.69'Eo-.6Ao3Eo 3
0.61489E080.1215?-1-0368'~?505 0.6a86'470?E 01 4

14A,4 - j 2/ENA 114 100 000 05 309.000 5000.000 1



03j5q 01 o.A5641tooF-n-0.150~F1FE- 01 023S2?-7C*?4?!EO0.1~~3Os2~65 0.47SC20285E 00 0.2.'203~0 101961EC2l1~EO

NAG ~ ~ N 10 I0 aft DG 340.009 SnOO-W-fl
0.439245f 01 01 07 03. 2 53c?07?1Ž 1~5?39 F15 z
0.8?iAq'E 34 G.23T'.S~biE 01 0.34-.2t00fE 01 5.4 Ir.1 f 2101 a31143 6E- 05 "s

O.4~O80.172's8~~110.,3~301t477E 04. Z.S:371625E 91 I
KAO- .i12/67t.:A 10 IF in0 05 300.000 50090o~u
0*43'68ooAE 01 O.24-62 3-,4I27Fn 2

-0.15946258E 05 0*1000i45IbqE 01. r.3kI86855E 01 3
0.43873515F.-08-0.11?72E3QE-I1-o.15752234E 05 Q.56r,537251E .01

HAOHCS) J 3/EENA 10 114 100 OS 309.000 59a2.50 1
8. 0.0a.0 2
00. . *6q?98356C fli 0.1384969E-01-.1961V03 '3
0.3059q?96E-06-'0.22857E32E-093-0.53448255E 05-0.3~1ISO.09f 0OZ
NAnHML J Z/EENA .10 114 100 01 592.250 5100.000 1
0*10774143E 02-0.701.5212SE-03 0.ý 0. 0. 2

-0.53503303E 05-0.522SS5S9E 02 0.1077L&1439 G2-0.704SZ12CE-03 0.
0. 0. -0,53503303E OS-0.5Z?SO589E 02 4

?4ACH J 3I51-NfA 10 1Ai 100 13G 300.000 SOC0.00t1 I
Ga44705S.53E 01 0*1q252265E-0Z-C4v.i522237E-06 0.9S321jF7E-j0-O,5S7Z23!O;:-I4 2

-0*26803187E CS D.23116081 01 0*3759-1137E 01 C.j957-Za2Q81FO 3
0.2222fi%96E-09 0*39CV4o3qE-12-0.26645967f 05 0.5W5292'.F 01 16S

N2J 6/62NA 2M 000 BO0 fiG 30v.CDC 5iQ00,000
0.414923659E 01 0.1gS?1.-5-3t-03 0.8iE0-.0~~EI .1306575aE-15 2
0.1513V;051E 05 0.20044~163E 01 0.4Mý97514F Di .1735E3-133?a'5 3
O.7qa9225E-39-0.?03?q254E-I2 DoiS22041qE 05 0924326'974E D1 I

NA2CL. J:2.*E4N& Z(1. 2 I If 000 CC :30c.000 5800.000
0QqQ26?OOIF 01 b.I f7EE-03-C.eti6Z3?f.E-D? 01 1I-0015e0~1
-0*71077i4qE 05-0.1704q256E 02 0.79553ý%51E 01Di ?eE-?O1f1?1E0
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